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PREFACE 


This work was begun in 1944 when Docent Torgny Sjostrand, 
head of the Laboratory of Clinical Physiology, encouraged me to 
take up investigations on working capacity, and was carried out 
in conjunction with the Medical clinic. In this respect I am 
greatly indebted to Docent Sjostrand for his never failing assi- 
stance and advice, and to Professor Nanna Svartz, head of the 
Medical clinic, for her stimulating interest in my work. 

My father Fil. dr. Arvid Wahlund who many years ago taught 
me the elements of mathematical statistics, has offered me most 
valuable advice in the statistical treatment of the material, and 
for this and the keen interest he has shown I express my heartfelt- 
thanks. 

I am particularly indebted to ail my colleagues and friends who 
have interested themselves in the completion of my work. 

For the revision of the English of my work my sincere thanks 
are due to Mr. Ronald Taylor. 

Further my thanks arc due to the Board of Professors of the 
Karolinska Institutet for granting me a state doctorand stipendiums. 

Above all I must acknowledge a deep debt of gratitude to my 
wife for the patience she has displayed in the preparation of the 
manuscript and with subsequent proof-reading. 

No special case reports arc included, but are available in the 
library of the Karolinska Institutet, Stockholm. Tire primary 
material upon which calculations have been based as well as addi- 
tional numerical information is collected in the appendix at the 
end of this book. 

Stockholm, November 1948. 

Holger Wahlund 
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INTRODUCTION 


Many so called functional tests have been put forward for 
estimating the working capacity of cases with heart or lung 
diseases. A functional test can usually not differentiate between 
various types of heart or lung diseases, but they have often been 
used for diagnostic purposes, causing both under- and overesti- 
niation of their usefulness. Other clinical examinations must be 
used to discover the origin of a poor working ability. A reliable 
case history is usually sufficient for an approximate judgement 
of the capacity for physical work. It is however valuable, and 
sometimes necessary, to know the influence of heart or lung 
diseases upon the working ability, and to know the actual working 
capacity when no heart or lung symptoms are discovered in per- 
sons complaining of poor ability to work. From an ideal point 
of view a functional test should concern only the diseased organ 
but this is at present difficult to arrange with sufficient degree 
of accuracy. Therefore, the only way seems to be measurement 
of the working capacity of the body as a whole. 

The purpose of the present investigation is to precise more 
exactly the physiological bases for such determinations and to 
exemplify the usefulness of a standardized working test for 
judging patients with various heart and lung diseases. 




PART I. HISTORICAL 


I. Survey of Literature. 

The literature on functional tests is very extensive. The follow- 
ing survey covers briefly investigations dealing with tests based 
on determinations made during and/or after work. The tests may 
be divided into two groups, (1) maximal tests (tests performed to 
exhaustion) and (2) submaximal tests. 

1. Maximal tests. 

Hill, Long and Lupton (1924), and Herbst (1928) conclude 
from standing running experiments, that if a sufficiently large 
number of muscles are involved, maximum oxygen consumption 
depends on maximum minute volume of the heart, and should 
therefore be regarded as a reliable measure of maximum working 
capacity. Herbst (1928) and Knipping (1937), using an ergometer 
for arm work, have dealt with such determinations on heart and 
lung patients, but according to Furusawa (1926) and Hansen 
(1934) arm work in normal subjects does not involve a sufficient 
number of muscles. Accepting oxygen intake as a measure of 
maximum cardiac output is only correct when no lung disease 
is present. If the lungs are involved, maximum oxygen consump- 
tion depends on the capacity of both the circulatory and respira- 
tory systems. For differentiation between pulmonary and circu- 
latory insufficiency Knipping (1934 — 35) and others working with 
Knipping’s method, have determined the so called oxygen defi- 
ciency during rest and work. They conclude that when breathing 
an aijr mixture of a higher oxygen percentage than ordinary air, 
the oxygen intake is greater in lung cases than in heart cases. 
Knipping’s method is however afflicted with technical errors 
which make the determinations doubtful (Bjerknes 1939, Nager 
1947). 

Several investigations have been made on the blood lactate level 
during hard work, but no definite correlation to maximum work- 
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ing capacity in normal subjects has been established; (Taylor 1944, 
Johnson and Brouha 1942). Knehr, Dill and Neufeld (1942) 
found that training for hard work increased the ability to stand 
high blood lactate levels. 

At maximal work, pCOe of expired air is lower than during 
submaximal work. Briggs (1920) and Schneider (1931) stated 
that the point where pCOe in expired air begins to sink could be 
regarded as a sign of the beginning of exhaustion. Taylor (1941) 
has however shown that this peak in pCOa is most variable, 
whereas a sudden decrease of alveolar pCOe occurs just before 
exhaustion. 

Taylor (1944) has used a type of maximal test in which the 
work on a treadmill is rapidly increased until the subject becomes 
exhausted. The working time to this point is called »the perfor- 
mance index». He found no significant correlation between this 
index and maximal heart rate, ventilation or respiratory rate. 
A small positive correlation was found with maximum oxygen 
consumption. 

According to Knehr, Dill and Neufeld (1942) and Johnson, 
Brouha and Darling (1942) rate of pulse recovery is found to be 
unrelated to maximal work. 

Maximal work tests are not well suited for clinical use. It is 
difficult to estimate whether a patient is really working at his 
utmost, and certain risks are involved in using such tests on non- 
healthy subjects. Furthermore the ability of sustaining work under 
anaerobic conditions during short periods, does not necessarily 
give any information of the capacity of the circulatory and 
respiratory systems. 


2. Submaximal tests. 

Tests dealing with reactions during work (a), and with reactions 
after work (b). 

a) An ideal method for testing normal subjects and heart patients 
would be cardiac output determinations. Some investigations of 
this kind are available. 

Means and Newburgh (1915) found no positive difference bet- 
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ween a patient with compensated valvular disease, and a healthy 
subject, when tested on a bicycle ergometer with loads up to 
600 kg-m/min. 

Liljestrand and Zander (1927) using the same kind of work and 
about the same range of loads, found no abnormal reaction in a 
case of total heart block. Alt, Walter and Smith (1930) conclude 
from determinations on 7 patients with chronic rheumatic valvular 
disease, subacute rheumatic fever or complete heart block, and 4 
healthy subjects, that there are no positive differences in cardiac 
output between the two groups. The test was performed on a 
bicycle ergometer with 2 loads, 230 and 350 kg-m/min. 

There are some other investigations regarding cardiac output, 
but as pointed out by Nielsen (1935), the number of errors present 
make the results doubtful. Nielsen determined cardiac output 
during work on a bicycle ergometer on 13 heart patients with 
compensated heart disease, and 6 healthy subjects, using work- 
loads from 335 to 620 kg-m/min. He found that most of the heart 
patients had a somewhat smaller cardiac output than the normal 
subjects in relation to oxygen consumption at steady state. Further- 
more he found the patients to have a higher pulse rate and 
ventilation, and a somewhat higher oxygen consumption at the 
same load of work. However, no statistical treatment of the 
material was carried out. As to the regularity of increase with 
work-load of cardiac output, oxygen consumption and ventilation, 
the heart patients reacted in the same manner as the other subjects. 

The oxygen consumption of heart and lung patients has also 
been investigated by other authors, and has proved to be about 
the same or somewhat greater than that of healthy subjects during 
steady state conditions. Meakins and Long (1927), using standing 
walking (184 steps/min) as test work, found in a few heart patients 
about the same oxygen consumption as in healthy subjects. Camp- 
bell and Sale (1927) investigated 3 heart patients and one healthy 
subject by having them step on and off a wooden block 13 ins 
high, for 5 — 10 minutes. They found oxygen consumption some- 
what higher in the heart patients. Campbell (1934), using the 
same method, arrived at the same conclusion. Eskildsen (1945), 
on testing 28 heart patients, 19 lung patients and 23 normal 
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subjects on a bicycle ergometer at 300—500 kg-m/min (some cases 
at 200—600 kg-m/min), found no differences in the material 
except when heart and lung patients showed signs of insufficiency 
during work. These latter subjects had a lower oxygen consump- 
tion at the load when signs of insufficiency became apparent. 

During work of short duration (1 — 2 minutes), oxygen con- 
sumption of heart and lung patients is often found to be less than 
for healthy subjects; Peabody and Sturgis (1922, 11 compensated 
heart patients and 11 normal subjects), Meakins and Long (1927), 
Herbst (1928, one-arm ergometer), Harrison and Pilcher (1930, 
1 compensated heart patient and 3 athletes walking on stairs). 

From these results it may be concluded that oxygen consumption 
in heart and lung patients increases at a slower rate during work 
than in healthy subjects, but that for a given work it reaches about 
the same or a slightly higher steady state value. 

On the other hand determinations of oxygen debt in relation 
to total oxygen intake for a given work indicate that some patients 
may perform work with a lower mechanical efficiency (Campbell 
and Sale [1927], Harrison and Pilcher [1930]). Katz, Soskin, 
Schutz, Ackerman and Plaut (1934) found normal values, for 
efficiency at light work. 

Eppinger and Hinsberg (1928) found from moderate work of 
short duration a lower efficiency on some heart patients. Bansi 
and Groscurth (1930 and 1931) found normal efficiency values 
for compensated heart patients but lower values for decompensated 
ones. 

According to Peabody and Sturgis (1922), Campbell and Sale 
(1927), Herbst (1928), Kaltreider and McCann (1937, using a 
bicycle ergometer), and Eskildsen (1945) compensated heart 
patients have the same, or a somewhat higher ventilation of the 
lungs during work than healthy subjects. As a rule, the.ventilation 
is definitely higher in decompensated heart disease [Herbst (1928), 
Harrison and Pilcher (1930), Eskildsen (1945)], Herbst (1928) 
found a higher ventilation in emphysema cases. Patients investi- 
gated during asthmatic attacks could not as a rule increase their 
ventilation above the resting value during work. Campbell (1930) 
found the increase of ventilation during work in healthy subjects 
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and heart patients to be about the same, but when considering 
respiratory rate he states that the heart patients had a diminished 
alveolar ventilation. This was more pronounced in mitral cases 
when compared with aortic cases. Kaltreider and McCann (1937), 
•when testing cases with pulmonary fibrosis and emphysema, found 
higher ventilations during work than in normal cases. R'oelsen and 
Eskildsen (1941) tested silicosis and emphysema cases with asthma 
and bronchitis at 400 kg-m/min on a bicycle ergometer. They 
found a definitely higher ventilation in the emphysema cases, a 
somewhat higher in pronounced silicosis, whereas cases with less 
pronounced silicosis had normal or slightly elevated ventilation 
values during work in steady state. Eskildsen (1945) concludes 
that positive differences between normal subjects and emphysema 
and asthma patients can only be demonstrated in an advanced 
state of the disease. Work close to, or at the patients maximum 
capacity, shows a difference between heart and emphysema- 
asthma patients. The former having a true hyperventilation, 
whereas the latter, in spite of pronounced dyspnea, work with 
relatively low ventilation. 

The relation between ventilation and oxygen consumption has 
been expressed by Herbst (1928), as the amount of oxygen utilized 
from one liter inspired air. He found lower values with emphy- 
sema patients than for others. Knipping and Moncrieff (1932), 
using the volume of inspired air needed for 100 cc oxygen intake 
[ventilation equivalent for oxygen, Anthony (1930)], found for 
54 healthy subjects a mean value of 2.4 at rest. The complete 
range of values was however 1.68 — 3.70. During moderate work 
the values were unchanged or somewhat lower than at rest. In 
heart and lung patients, higher values were found at rest and 
during moderate work in proportion to the degree of failure of 
the circulatory and respiratory systems. Knipping and Moncrieff 
state that when no diseases of the circulatory system are present, 
the »ventilation equivalent for oxygen» is a reliable measure of 
respiratory capacity. 

Respiratory rate in patients during work has not been extensi- 
vely investigated. Campbell (1934), in an investigation of 9 
healthy subjects and 7 heart patients, found for the latter some- 
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what higher respiratory rates at rest, but definitely higher at light 
and moderate work. During light work the patients had a mean 
value of 26 compared to 19 for normal subjects. Some patients 
could not work adequately at the moderate load. At the light 
load the average respiratory rate was 32, whereas those who could 
stand the two tests had at the light load 17 resp/min. Two patients 
who could only work for a short time at the moderate load had 
respiratory rates of 40 and 44. Kaltreider and McCann (1937) 
found at exhausting work on lung and heart patients a mean of 
36 resp/min. Eskildsen (1945) gives no figures for respiratory 
rates, but only for the depth of respiration, which he found dimi- 
nished in some asthma-emphysema cases. 

Lehmann and Michaelis (1941) have proposed a working test 
which differs from other common types. Pulse rate and pulse 
amplitude is determined during work on a bicycle ergometer with 
rapidly increasing load. The working time until the product of 
these two variables becomes 10,000 is said to be the criterion of 
working capacity, a longer time indicating a greater capacity. 
The initial load is, per square centimeter of the calf cross-section, 
the same for all subjects. The writer has not found any investi- 
gation in which this test has been used on heart or lung cases, but 
Ronge (1948) used it on healthy children for testing their working 
capacity in a study of the effects of ultra-violet irradiation. 

The product of pulse rate and pulse pressure was taken as an 
approximate estimate of the heart minute volume. It has not 
however been shown that this product is a real approximation 
of cardiac output under conditions where no steady state is 
attained. The test may however be used as an indication of the 
-ability of the body to sustain anaerobic work. Furthermore, it is 
difficult to understand why the load is adjusted to the calf cross- 
section. 

b) Several tests based on determinations of pulse rate, blood 
pressure, ventilation, and vital capacity etc., immediately after 
different types of short-duration work, such as knee bending, 
walking or running on stairs, or stepping on and off a stool, have 
not proved to be of value, except in some decompensated cases. 
In spite of criticism from many authors (among others Britting- 
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ham and White 1922, Spohr and Lampert 1930, Bang 1932, 
Hochrein 1938, Heinsen 1942, ICaganas 1943, Bjuggren 1946), 
they are still widely used. 

In consequence of the fact that heart patients may have a greater 
oxygen debt than healthy subjects, Nylin, in 1931, introduced 
a cardio-pulmonary functional test, based on determinations of 
oxygen intake after a short standard work of graded severity on 
specially constructed stairs. The criterion of working capacity 
is indicated by the increase of oxygen intake 1 — 5 minutes after 
work, as the percentage of the resting value, which ratio he called 
» relative oxygen debt». Oxygen values are determined by using 
a Krogh spirometer. Nylin found, in a large number of cases, 
significant differences between decompensated heart patients and 
normal subjects. No difference however was found for the com- 
pensated patients. Eskildsen (1945), in bicycle ergometer work, 
came to the same conclusions, using oxygen consumption values 
for a period of 5 minutes immediately after steady state work. 
The relative oxygen debt became greater with increasing decom- 
pensation. Nylin’s method has also been used for lung patients, 
by Bluhm (1935), and Bruce (1942), who found abnormal values 
among patients with advanced symptoms. Bruce found that the 
oxygen values after work were not always reliable. According to 
change of the pulmonary mid capacity, he sometimes found that 
the values were too low. From a scatter diagram, Nylin found 
no relation between body weight and relative oxygen debt, this 
being accepted as evidence that the test was not influenced by 
the body weight. 

There may however be a correlation but not in the x, y plane. If the oxygen 
consumption of the subjects at rest is approximately normal, the metabolism is 
approximately linearly related to body weight. Therefore relative oxygen 

debt in relation to weight takes the form y=I00 (— — l } (y = relativc oxygen 

\cx / 

debt, x = body weight, c=a constant, z=oxygen intake after work). There 
may thus be a correlation in a three-dimensional surface, if oxygen con- 
sumption after work is not exactly the same function of body weight as at 
rest, which is unlikely to be the case. 

Further discussion on this working test will be found in later 
pages. 
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II. Discussion and criticism of earlier used 
types of work. 


As is apparent from the above survey of literature, different 
types of physical work have been used in many ways to find the 
working capacity of an individual, most tests dealing with one or 
two submaximal loads of work. The following types of work 
are those mainly employed. 

a) Stepping on and off a step or a stool. 

b) Walking or running on stairs. 

c) » » » » a treadmill. 

d) Standing walking or running. 

e) Arm ergometer work. 

f) Bicycle ergometer work. 

One or more of the following functions are used as indicators for 
determination of working capacity. 

1) Oxygen consumption. 

2) Total ventilation. 

3) The ratio of total ventilation to oxygen consumption. 

4) Respiratory rate. 

5) Vital capacity of the lungs, 

6) Various ratios of ventilation and vital capacity. 

7) Pulse rate and restitution of pulse rate. 

S) Oxygen debt. 

9) Various ratios of pulse rate and blood pressure. 

10) Time work to exhaustion. 

Significant differences between healthy subjects and decompen- 
sated patients have usually been shown by different methods, but 
when testing compensated patients, no, or only slight differences 
have been found. Testing incompcnsatcd cases is, however, not 
very important. It is more interesting to estimate the ability of 
the compensated patients to perform physical work. 

Factors that determine or limit working capacity arc neuro- 
muscular, circulatory-respiratory and psychological. Tests with 
determinations of various factors during or after work of short 
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duration, give a conception of the individual ability of adaptation 
to work. If such work is stepped up to exhaustion (see Taylor, 
1944), one gets a measure of the mental power of the individual 
and/or the maximal ability of the muscles to work under anaerobic 
conditions. There is no reason to believe that there should be any 
simple correlation between the ability of rapid adaptation and 
the ability of performing a comparatively heavy work during 
steady state. It seems therefore more important to estimate the 
highest steady state level. Steady state is a sign of economical 
working conditions, the reactions of the respiratory and circula- 
tory systems being the most important factors in maintaining 
equilibrium between oxygen need and oxygen supply. Break down 
of steady state depends mainly on the inability of maintaining an 
adequate minute volume of the heart and the inability of the lungs 
to supply arterial blood with oxygen, provided that a large num- 
ber of muscles are at work. When small muscle groups are used 
in a working test, the maximal oxygen consumption attained may 
not be sufficient for the desired stress on the circulatory and 
respiratory systems. 

In the opinion of the writer, physical working capacity is an 
individual function. There is. probably a continuous decrease of 
this function from the most well-trained athlete to the heart 
patient, when decompensated at rest. A completely untrained 
healthy man may however have the same or a lower working 
capacity than a trained man with some objective evidence of heart 
or lung disease. 

It may be presumed that the possibility of determining the 
various working capacities in a group of individuals, depends upon 
the working intensities employed. One cannot expect to find any 
greater differences using one or two rather light loads of work. 
With increased loads the discrepancies ought to be accentuated. 

For a test of physical working capacity in the sense suggested, 
certain conditions are required. A large number of muscles must 
be involved so that the test will not give a conception only of the 
working capacity of the muscles. Different and sufficiently heavy 
loads must be used to make it possible to estimate the maximum 
steady state level of the subject in question. There must be a 
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possibility for most of the subjects to attain steady state during 
moderate loads. The working time must not be too long. A work- 
ing time of 20—30 minutes or more at several loads, may cause 
carbohydrat exhaustion and hydrostatic changes of the blood 
distribution, interfering especially with the circulatory reactions. 

The question of the influence of training for the result of a 
working test has been much discussed. It is not desirable for 
clinical use to have a test in which some individuals may have a 
much better mechanical efficiency than others. From experiments 
in running we know that the efficiency varies considerably in 
different subjects while running at a given rate (Dill, Talbott and 
Edwards, 1930; Hill, Long and Lupton, 1924). Oxygen intake in 
relation to working rate is different in walking and running (Boje, 
1944; Berggren, 1945). These facts show that conclusions arrived 
at from walking and running experiments, cannot be interpreted 
in the same way without oxygen determinations. Furthermore, 
walking in everyday life cannot be. considered as training for 
actual running. 

Important conditions for all working tests are standardization 
and control of the working intensity. It is more or less immaterial 
if the load is produced by body weight or in any other way, but 
when comparing different individuals or the same person on 
different occasions, it must be born in mind that work with body 
weight as load gives various working intensities when the work is 
performed in the same manner. For determination of the working 
intensity, oxygen consumption measurements must be made. If 
the response of various factors to work are correlated to oxygen 
consumption, it is possible to make comparisons between indi- 
viduals. 

In most tests employed, body weight is the load, and oxygen 
measurements are not usually made. Furthermore, working time 
is often too short for reliable determinations, and the types of 
work are inconvenient for making various determinations while 
the work is in progress. 

Bicycle ergometer work seems to be superior to almost any 
type of work for practical use. The following summary shows 
its advantages. 
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1. The bicycle ergometer is a practical apparatus for laboratory 
work , taking-up small space , and being easy to handle. 

2. The work can be exactly reproduced. 

3. A large number of muscles are involved. 

4. Oxygen consumption is directly related to work-load and the 
mechanical efficiency determined on various individuals shows 
comparatively slight differences. 

5. It is thus possible to make a direct comparison between diffe- 
rent subjects and between the reactions at different loads, as 
there are few extra-movements not taking part in the produc- 
tion of the work output (as compared with e.g. running or 
walking where a static component is involved). 

6. Various determinations are easily made during work. 

7. Working intensity can be adjusted so that the subject is not 
overloaded. 

8. Hydrostatic changes of blood distribution may be expected 
to play a comparatively slight role. 

On the assumption that the subject to be tested has had some 
opportunity to practise cycling, this type of work may be pre- 
ferred to any other. 

The following factors are considered to be of value in estimating 
the reaction to work. 

Oxygen consumption as a measure of the intensity of the work. 
It can kc maximized by heart and lung diseases. 

Ventilation of the lungs as an indicator of respiratory regulation. 
Overventilation in relation to oxygen consumption occurring at 
or near maximal loads, is most easily indicated by increase of the 
ratio (ventilation per min/oxygen consumption per min). 

Pulse rate as a factor in cardiac output. The pulse rate has a 
maximum limit above which there is no increase of cardiac output. 

Respiratory rate is a limiting factor upon pulmonary ventila- 
tion, and an indicator of respiratory regulation. 

The other factors mentioned in the summary on page 16 are con- 
sidered less suitable for determining the response to work. Some 
of them have already been discussed above. The significance of 
the vital capacity will be discussed at a later stage. 



Only a brief survey of the most important working tests used 
have been made here. A more detailed description and discussion 
of some of the tests is found in Cureton’s Physical Fitness 
Appraisal and Guidance, 1947. 

A short account of the most important observations on the 
physiological response to physical work under normal conditions, 
must be given for the understanding of the reaction to work of 
various functions. 


III. Some fundamental observations on the 
physiological response to physical work. 

According to several investigators cardiac output during steady 
state is a rectilinear function of oxygen consumption, and has 
been proved for various working intensities up to values corres- 
ponding to an oxygen consumption of 2.5 — 3 liters/min. (Krogh 
and Lindhard 1912, Lindhard 1914, Boothby 1915, Means and 
Newburgh 1915, Krogh and Lindhard 1917, Collett and Lilje- 
strand 1924, Bock, Vancaulert, Dill, Foiling and Hurxthal 1928, 
Hohwii Christensen 1931, Nielsen 1935). Most of these investiga- 
tions have been based on bicycle ergometer work. Collett and 
Liljestrand found, that corresponding to a given oxygen consump- 
tion, the cardiac output was somewhat lower in better trained 
subjects. Hohwii Christensen came to the same conclusion, but 
states that under the same test conditions, the higher cardiac out- 
put is found only in completely untrained subjects. 

Oxygen consumption during steady state stands in linear rela- 
tion to the work-load (Lindhard 1914, Boothby 1915, Krogh and 
Lindhard 1917, Collett and Liljestrand 1924, Liljestrand and 
Zander 1927, Bock, Vancaulert, Dill, Foiling and Hurxthal 1928, 
Schneider 1931, Hohwii Christensen 1931/32). Oxygen consump- 
tion usually reaches a constant value after 1 — 2 minutes work, 
provided the load is not too high (see for instance Liljestrand and 
Stenstrom 1920). In very heavy work constant values may not 
be attained. (According to Hansen, 1934, this is due to increasing 
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oxygen debt.) Completely untrained subjects have a somewhat 
higher oxygen consumption at the same work-loads (Hohwii Chris- 
tensen 1931/32). 

Ventilation of the lungs seems to be a rather individual function, 
but with the same subject it stands in linear relation to oxygen 
consumption and thus also to work-load (Krogh and Lindhard 
1913, Collett and Liljestrand 1924, Schneider 1931, Hohwii 
Christensen 1931/32, Taylor 1941, Nielsen and Assmusen 1944). 
Ventilation at a given load has been shown to be lower for better 
trained subjects than for others (Collett and Liljestrand 1924, 
Schneider and Crampton 1940, Ebeling and Linxweiler 1940, 
Boje 1944). 

If oxygen consumption and ventilation are considered as being 
linear to work-loads, the ventilation per liter oxygen intake (ven- 
tilation coefficient for oxygen), is a linear function of work-load. 
As this line has usually'a very small angular coefficient, the ven- 
tilation coefficient may be said to be approximately constant. 
When the load approaches the maximum for the subject, the in- 
crease of ventilation is accelerated in relation to oxygen consump- 
tion. The ventilation coefficient is thus increasing. 

The variability of ventilation between different subjects is 
reflected in the ventilation coefficient. Lower values have gene- 
rally been found for better trained subjects (Hohwii Christensen, 
1931/32, who found values of approximately 14 to 20). 

The increase of respiratory rate with increasing work-load is 
approximately linear, according to investigations by Schneider 
(1931), Taylor (1941). When the work begins to exhaust the 
subject, the increase of respiratory rate may accelerate (Schneider 
1931). In very heavy work, close to or at exhaustion, respiratory 
rates of 30 — 45 or more have been observed. Sturgis, Peabody, 
Hall and Fremont-Smith (1922), in 12 subjects, found values 
between 26 and 45 with an average of 35 resp/min. 

Hohwii Christensen (1944) states that the subject has nearly 
reached his maximum working intensity when the respiratory rate 
has increased to 30 — 40 resp/min. 

Pulse rate determined in the same time-period of work increases 
in a linear fashion with increasing loads (Boothby 1915, Krogh 
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and Lindhard 1917, Collett and Liljestrand 1924, Bock, Van- 
caulert, Dill, Foiling and Hurxthal 1928, Hohwii Christensen 
1931, Schneider 1931, Taylor 1941). When very heavy work 
leading to exhaustion is considered, pulse rates of approximately 
170 — 200 are found (Lythgoe and Pereira 1915, Gillispie, Gibson 
and Murray 1925/26, Hohwii Christensen 1931, Knehr, Dill and 
Neufeld 1942). At higher levels of work the linear relation is 
not always consistent, pulse rate increase being somewhat retarded 
in relation to work-load (Bock et al. 1928, Henderson, Haggard 
and Dolley 1927, Schneider 1931). At a given load the pulse rate 
in trained subjects is generally less than for others (Henderson et 
al. 1927, Bock et al. 1928). During training the pulse rate decreases 
gradually (Hohwii Christensen 1931, Erickson, Simonson, Taylor, 
Alexander and Keys 1946). Pulse rate at submaximal loads soon 
reaches a constant value in well-trained subjects (Hohwii Chris- 
tensen 1931). For men of moderate training the pulse rate seems 
to increase slightly throughout the working time (Taylor 1941); 
this increase is more pronounced at heavier loads. 

The relation between pulse rate and oxygen consumption or 
work-load has been treated statistically by a few investigators. 
Erickson, Simonson, Taylor, Alexander and Keys (1946) found 
a correlation coefficient of 0.97 between excess oxygen consump- 
tion and pulse rate at work on a treadmill; Taylor (1941), with 
a bicycle ergometer, observed correlations of the same magnitude 
between work-load and pulse rate. Thus, as previously pointed 
out by Hohwii Christensen and others, pulse rate in the same 
subject gives a fairly accurate indication of the severity of the 
work. 

Lundgren (1946) made a thorough investigation of the connec- 
tion between pulse rate and oxygen consumption, and found a 
fairly good correspondence between the two variables at different 
types of lumber work when compared to a bicycle ergometer test. 
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PART n. OWN INVESTIGATIONS 

IV. Methods and material. 

The following investigation is an attempt to introduce a test 
for working capacity based on the response to different loads. 

The work is performed on a Krogh bicycle ergometer at a 
pedalling rate of approximately 60 revs/min. The exact velocity 
of the pedals is indicated by a speedometer attached to the fly- 
wheel of the bicycle. The men being tested were instructed to 
keep the speedometer indicator at a certain point, corresponding 
to a fly-wheel velocity of 5 m /sec. Those who could not keep the 
indicator steady at this point, were instructed to let it swing the 
same amount to both sides. Naturally only a minor deviation 
was allowed. If a man could not be persuaded to work in the 
above manner, the working intensity could be read from the 
speedometer provided he worked at a constant rate. In actual 
fact only a few of the subjects could not perform the test in the 
correct manner. 

The test consisted of an uninterrupted series of work-loads be- 
ginning with 300 or 600 kg-m/min, and increasing at approxi- 
mately every 6Va minutes by 300 kg-m/min, until the subject 
could not go on any longer, or until the work at 1200 kg-m/min 
was accomplished. Some subjects were also tested at higher rates 
(1500, 1S00 etc. kg-m/min). 

Pulse rates were determined with a stethoscope at the chest wall 
for 30 secs, from the beginning of the 3rd, 5th and 7th minute of 
each load. Ventilation of the lungs and oxygen consumption was 
determined according to the Douglas bag method for 2Va minutes 
from the 4th minute of every work-load. Respiratory rate was 
determined for one minute beginning some seconds before the 5th 
minute of every load. 
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Work-loads and working time was chosen so that most subjects 
would have a chance of reaching steady state. Some determinations 
of oxygen consumption and ventilation during a longer working 
time have proved to give corresponding values between the usual 
determination (4 — 6V2 min) and one at 8 — IOV2 min (Table 1 A). 


TABLE 1 A. Oxygen consumption, cllmin (a) and ventilation 
coefficient (b) at 4 — 672 (I) and 8 — 10 i h (11) min. 


1 

j Case 
j no. 

000 

900 

m 



■ 

I 

II 

I 

II 


■ 

a 

b 

a 

b 

a 

b 

a : 

b 

n 

■I 

■ : 

11 

: 15 

156 

20 3 

156 

, 21.0 

203 

22.6 

) 

205 i 

22.8 

255 

23.5 

252 

23.3 

! 57 

135 

25.0 

137 

' 24.0 

190 

23.7 

191 j 

24.2 

243 

22.6 

245 

23.0 

i 74 




i 



1 


247 

17.1 

246 

17.2 

| 80 

130 

15.1 

131 

15.1 

196 

15.6 

195 { 

15.8 

248 

16.9 

250 

16.3 

! 91 




1 



1 

1 

1 


242 

19.2 

244 

19.1 

1 162 

149 

18.2 

160 

| 18.0 

199 

16.1 

199 i 

17.9 

251 

18.5 

250 

18.6 

j 361 

145 

17.9 

144 

i 17.8 

185 

18.4 

186 | 

18.6 

230 

19.3 

230 

19.3 

j 415 

143 

16.1 

144 

1 16.2 

196 

16.6 

193 ! 

16.0 

254 

,8, 

250 

18.2 

| 452 





179 

17.5 

180 j 

17.3 

236 

16 6 

236 

16 7 


Case 

no. 

1500 

I 

If | 

a 

b 

a 

b ! 

361 

284 

24.9 

286 

1 

25.0 1 

1 

| 462 

288 

17.5 

288 

17 . 9 ; 


When reproducing the test at short intervals the reactions are 
about the same. Some differences occur in single functions but the 
resulting working capacity is not altered (Table 1 B). When the 
test is repeated several times within a relatively short period 
training effects may appear sooner or later. It is however not the 
purpose of this investigation to study the effect of training, con- 
sequently only the first test performed is taken into account. 
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TABLE 1 B. Pulse rate after 6 min (1), respiratory rate (2), ven- 
tilation coefficient (3) and oxygen consumption (4) at tests re- 
peated with a few days interval. I — first test. II — second test. 
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They are military recruits who had completed some months of 
their training, and are regarded as a group between the normal 
healthy subjects and a group of 27 athletes. Most of the latter 
were medically examined at the Health Control Station of the 
Swedish Athletic Association. 

Of the remaining 188 cases, the majority were men on military 
service complaining of heart or respiratory troubles at work. Some 
cases have been medically examined at the Garrison Hospital in 
Stockholm, but most of them at the out-patient department of 
the Karolinska hospital. 

Medical examination included case history, auscultation of the 
heart, blood-pressure, x-ray examination of the heart 1 ) and lungs, 
sedimentation rate of the blood and urine analysis for protein 
and sugar. 

At the Laboratory of Clinical Physiology the following deter- 
minations were made. Body height and weight, vital capacity of 
the lungs and electrocardiogram at rest. In all cases an electro- 
cardiogram was taken immediately after work, and additionally 
in most cases after an elapse of 3 minutes. A spirometric exami- 
nation of lung volume and its subdivisions (Birath, 1944) was 
also made at the laboratory on the work-men from the ore smelting 
works. 

All pulse and respiratory rates, ventilations and most of the 
vital capacity and gas analyses were made by the writer himself. 
With the exception of some of the athletes the tests were per- 
formed before noon, most subjects having had a light meal more 
than 3 hours before. The subjects had to rest in a recumbent 
position at least half an hour before the test. 

In order to get a general impression of how the objective 
symptoms were distributed in a material complaining of circula- 
tory and respiratory troubles, no special selection of the military 
cases was made. For convenience the material is divided into 
groups according to diagnoses, or to objective symptoms if no 
positive diagnosis could be made. Thus the following groups 
have been established. 

') Heart volumes determined according to Jonscll — Rolirer — Kahlstorf. 
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Number Age 

of cases Mean Range 


1. Rheumatic valvular disease of the heart 16 27 (21 — 44) 

2. Congenital diseases of the heart 11 27 (21 — 42) 

3. Suspected congenital diseases of the heart 8 25 (20 — 35) 

4. Suspected rheumatic valvular diseases 

of the heart 23 27 (21 — 40) 

5. Hypertension 25 37 (21 — 57) 

6. Actual or suspected acut myocarditis . . 27 26 (19 — 47) 

7. Enlarged hearts 29 35 (20 — 62) 

8. Various electrocardiographic abnorma- 
lities 29 30 (20—47) 

9. No objective signs of heart or lung 

disease 68 27 (21—44) 

10. Emphysema of the lungs and signs of 

heart disease _ 37 50 (30 — 66) 

11. Suspected emphysema of the lungs ..16 50 (32 — 66) 

12. Emphysema of the lungs 20 48 (39 — 61) 

13. Tracheo-bronchitis without signs of 

emphysema 67 40 (26 — 58) 

14. Ordinary healthy subjects 40 32 (20 — 60) 

15. Moderately trained healthy subjects . . 26 21 (21 — 23) 

16. Athletes 27 27 (19—43) 


Group 5 contains patients with blood pressure above 155 sys- 
tolic or 100 mm Hg diastolic. Heart volumes larger than 450 cc 
per square meter body surface are considered to be above normal. 
Suspected emphysema means a residual air/total lung volume 
ratio from 30 to 33 °/o. Cases with values 33 %>, or more, are 
said to have emphysema. In group 10 cases with more than 30 °/o 
and with signs of hypertension, enlarged hearts or coronary in- 
sufficiency are included. A more detailed description of the find- 
ings in each group follows in later pages in, connection with the 
results of the working test. 
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V. Results of determinations of oxygen cons 
sumption, pulse rate and respiratory functions 

at work. 

1 . Oxygen consumption. 1 ) 

As indicated by Tabic 1 A, oxygen consumption at the various 
loads has reached a steady value at the usual time used for the 
determination in this study. The differences between the loads are 
seen to be about equal. In some of the cases belonging to group 1, 
there are however lesser increases from 900 to 1200 kg-m/min, 
compared to 600 — 900 kg-m/min. This shows that these patients 
are at the absolute limit of their working capacity, but as these 

’) In the following oxygen consumption stands for excess oxygen con- 
sumption. 


TABLE 2 A. Excess oxygen consumption (liters/ min). Cases with 
determinations at each of the three loads. 


Group, 

■ n | 
1 

(5 0 0 

i M + m 

1 

v 

' noo 

M + m 

V 

1200 

M + m 1 

v , 

1 ; 

i 

12 | 

1.38 + 0.050 1 

ii 

i2.3 ‘j 

1.90 + 0.04 G 

8.4 j 

j 2.38 + 0.0S9 

12.9 

i 2 S 

„ 1 
' i 

1.41 + 0.037 

; 8.0 i ! 

1.91 + 0.0G5 

9.9 

| 2 48 + 0.059 

i 0.8 

1 o 1 

: u i 

8 i 

1.30 + 0.037 

7.5 | 

1.85 + 0.034 

5.8 

2.35 + 0.0G3 

7.8 

! 4 j 

18 

1 .‘12 + 0.030 

8.1 i 

1.87 + 0.043 

8.7 

2.42 + 0.000 

9.5 

„ 1 

i O 1 

19 

1.40 + 0.033 

I 10.1 | 

1 1.95 + 0.028 , 

GO 

2.47 + 0.037 

G.7 | 

! (; 

. 2-1 i 

1.41 + 0.018 

G.4 i 

I 1.92 + 0.027 

G.4 

2.43 + 0.033 

G.3 , 

! 7 j 

2-1 | 

1.42 + 0.021 

■ 8.G j 

j 1.92 + 0.019 

5.0 

2.45 + 0.025 

5.1 j 

! 8 

19 

i 1.32 + 0.035 

1 11.2 !l 1.85 + 0.010 

9.1 

2.3G + 0.059 

10.5 ] 

t o 

53 

| 1.38 + 0.022 

7.8 

1.87 + 0.021 

8.0 

2.37 + 0.031 1 

9.3 j 

I 10 

22 

1.11 + 0.030 

' 9.9 

1.87 + 0.035 

7.8 

2.38 + 0 038 

0.2 

j 11 

l 

8 

' 1.29 + 0.037 

: 88 

1.83 + 0.0G7 ! 

11 0 

2.33 + 0.698 

12.3 

1 VI 

u ! 

1 1.35 + 0.025 

! 7.7 

1.81 + 0.038 

8.5 

2.29 + 0.04 1 

5 9 

I 10 

| -17 

j 1.35 + 0.015 

I 7 ' 8 

1.87 + 0.017 

7.0 

2.38 + 0.022 

7.2 

u 

27 

1.30 + 0 024 

j 9.3 

1.87 + 0.018 

4.7 

2.39 + 0.022 

5.3 

Ifi 

10 

1.47 + 0.002 

j 10.9 

1.94 + 0.052 

7.2 

2.40 + 1) 019 

5 4 

Tot. 

| 309 

1.38 + 0.007 

8.9 | 

1.88 + 0.008 

7.5 

2.39 + 0.01 1 

7 0 


29 



cases are rather few they do not influence the averages in Tables 2 
to any extent. 

It can be concluded from Table 2 A that the increase of oxygen 
consumption at 900 — 1200 kg-m/min is generally equal to the 
increase at 600 — 900 kg-m/min; and that the variability in the 
groups is fairly uniform. The results as a whole are not altered 
when comparing the oxygen consumption averages that include 
all determinations at the different loads (Table 2 B). A closer 
examination of the variability (Table 3 A and B) at the three 
loads, shows that there may be some slight differences between 
the groups, but the differences between the group-averages are 
of the same magnitude at the various loads. 

Another way of showing the steady state conditions in a work- 
ing test of this kind, consists of determination of mechanical 


TABLE 2 B. Excess oxygen consumption (liters/min). All deter- 
minations included. 
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TABLE 3. Analysis of variance of oxygen consumption between 
and within groups. 

A. Corresponding to Table 2 A. 

B. Corresponding to Table 2 B. 
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TABLE 4 A. Mechanical efficiency percentages. 
Corresponding to Table 2 A. 
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efficiency. Assuming that 1 liter of oxygen corresponds to 4.9 Cal. 
the net efficiencies will be shown in Tables 4. In general, the 
values are the same as found by other investigators for this 

type of work. 

TABLE 4 B. Mechanical efficiency percentages. 
Corresponding to T able 2 B. 



M 4 m 

Group 

600 j 

000 

1200 

i 

1 1 

20.5 4 O.Gl 

1 

23.0 4 0.47 

24.1 4 0.89 . 

* 

2 ; 

20.6 4 0.51 

22.6 4 0.64 

23.5 4 0.77 

3 I 

20.9 4 0.62 

23.4 4 0.47 

24.8 4 0.69 

4 i 

20.1 4 0.48 

23.0 4 0 64 

23.8 4 0.52 

1 s ; 

20.3 4 0.42 

21.0 4 0.30 

23.3 4 0.35 

1 6 

20.3 4 0.28 

22.4 4 0.28 

23.6 4 0.31 

7 

20.3 4; 0.34 

22.3 4 0.23 

23.3 4 0.24 

8 

21.4 + 0 61 

23.1 4 0.60 

24.3 4 0.60 

9 

20.8 4 0.19 

23.0 4 0.20 

24.2 4 0.30 

10 

20.3 4 0.55 

[ 23.1 4 0.43 

24.1 4 0.33 

1 11 

21.7 4 0 64 

j 23.7 4 0.59 

25.4 4 0.89 

1 12 

21.6 4 0.35 

j 24.3 + 0.50 

25.1 4 0.38 

1 13 

21.3 4 0.2 1 

| 22.0 + 0.23 

24.1 4 0.21 

j 14 

21.1 4 0.33 

j 22 9 + 0.18 

24.1 4 0.23 

! 10 

21.4 4 0.69 

| 23.5 -f 0.37 

24.4 4 0.28 

j 

j Tot. 

i 20.8 4 0.09 

j' 22.9 4 0.09 

24.0 4 0.10 


We may conclude that provided the person to be tested is not 
at the point of exhaustion, it is possible to get an estimate 
of oxygen consumption at the different loads without making a 
special determination. In the majority of instances all. working 
tests of interest arc with such cases. Oxygen consumption is in- 
directly estimated from work-load within a range of ± S °/o in 
2/3 of the cases. However, for a more accurate determination, 
oxygen consumption- must always be measured directly. 
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2. Pulse rate* 


The average pulse levels after 6 minutes work at 600, 900 and 
1200 kg-m/min have been calculated for each group. Table 5 A 
shows the values for those cases which have worked at all three 
loads. Table 5 B gives the average pulse rates for all cases. An 
analysis of variance is summed up in Table 6. 


TABLE 5 A. Pulse rates. 

Cases with determinations at each of the three loads. 


Group 

n 1 

1 


M + m 


GOO 

0 0 0 ! 

1200 

j 1 

13 

128.6 + 3.1 

164.8 + 3.1 

179.1 + 2.6 

! 9 

9 

123.8 + 3.2 

160.2 + 4.0 

171.8 + 5.0 

j 3 

7 

113.7 +5.8 

138.0 + 5.1 

161.7 + 3.9 

4 

21 

118.6 + 2.9 

141.7 + 3.6 

162.7 + 3.1 

5 

21 

121.3 + 4.1 

144.6 + 4.0 

167.2 + 3.8 

0 

24 

126.3 + 4.6 

152.0 + 4.0 

175.1 +4.1 

i 

i i 

26 

109.3 + 2.9 

133.9 + 4.0 

169.3 + 3.0 

1 

i 8 

26 

117.6 + 3.3 

140.7 + 3.9 

163.2 + 3.7 

! 9 

69 

124.7 + 1.8 

148.8 + 2.0 

169.6 + 1.9 

10 

24 

111.8 + 3 1 

132.6 + 3.4 

166.7 + 3.3 

11 

11 

110.7 + 3.3 

136.2 + 3.3 

166.4 + 2.8 

12 

j 11 

106.4 + 2.6 

130.9 + 3.6 

151.8 + 3.4 

13 

j 57 

109.8 + 2.1 

137.6 + 1.8 

160.1 + 1.6 

! u 

' 40 

116.3 + 2.2 

137.4 + 2.2 

168.5 + 1.7 

, 15 

26 

109.6 + 21 

126.5 + 2.1 

142.6 + 2.7 

I 15 

21 

99.9 + 2.7 

117.4 + 2.9 

136.4 + 3.8 


As indicated by the F-values in Table 6, there are highly signi- 
ficant differences between the groups at all the three loads; it is 
obvious that these differences are increased according to the load. 

It is interesting to note the differences between group 14 (nor- 
mal subjects) and the other groups. In Tables 7 the t-values for 
these differences are tabulated for each load. Those heart cases 
that are least capable of doing work, as judged by the objective 


3 
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TABLE 5 B. Pulse rates. 
All values included. 


Group 

B 

COO 


mm 






\ ' QjHBB 

1 

16 

131.6 + 6.0 

16 

167. 6.+ 3.6 

13 

179.1 + 2.6 

2 

11 

126.2 + 4.3 

10 

150.2 + 3.6 

9 

171.8 + 6.0 

3 

8 


8 

142.0 + 6.1 

7 

161.7 + 3.9 

4 

23 

118.0 + 2.4 

23 

140.6 + 3.4 

21 

162.7 + 3.1 

6 

26 

124.1 + 4.1 

26 

148.1 + 4.2 

21 

167.2 + 3.8 

6 

27 

127.9 + 4.6 

26 

154.2 + 3.9 

24 

176.1 + 4.1 

7 

28 


29 

133.9 + 3.8 

26 

169.3 + 3.0 

8 

29 

117.6 + 2.2 

27 

140.7 + 4.1 

26 

163.2 + 3.7 

9 

68 

126.6 + 1.8 

68 

160 1 + 1.9 

69 

169.6 + 1.9 

10 

31 


29 

134.7 + 3.6 

24 

166.7 + 3.3 

11 

14 

111.3 + 3.1 

14 

137.4 ± 3.3 

11 

166.4 + 2.8 

12 

18 


14 

133.9 + 3.3 

12 

163.8 + 3.4 

13 

67 

110.0 + 1.6 

65 

136.4 + 1.8 

68 

160.1 + 1.6 

16 

21 

99.9 + 2.7 

27 

117.6 + 2.7 

27 

137.3 + 3.4 


TABLE 6. Analysis of variance of pulse rates between and within 
groups. 

A. Corresponding to Table 5 A. 

B. Corresponding to Table 5 B. 


i 

i 

i 

t 

Load 

Degrees of 
freedom 

1 j 2 

F 

i A 

600 

16 

380 

***6.77 

t 

900 

16 

380 

**■*9.00 

i 

i 

1200 

15 

380 

***12.13 

|. 

600 

16 

436 

***8.46 

j 

900 

16 

431 

***10.88 

i 

1200 

16 

388 

***12.72 
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and subjective symptoms, belong to groups 1 and 6. The diffe- 
rences for these groups are seen to increase with the load. With 
group 1 it is already significant at 600 kg-m/min, whereas with 
group 6 it does not occur before 900 kg-m/min. Other groups 
containing heart patients (groups 2, 5) show probable or nearly 
significant discrepancies in pulse rates when compared to 
group 14, while lung cases (groups 10, 11, 12) show no diffe- 
rences at all. In the case of group 9 significant differences are 
seen at each of the three loads. 


TABLE 7 A. Differences of pulse rate means between the normal 
and other groups. 

Corresponding to Table 5 A. 


• Group 

j f 

GOO 

0 0 0 

1 

200 







D 

i 

! t 

i 

i D 

t 

! D 

t 


f 

1 

Ti 

13.2 

1 **3.1G 

1 

! 

17.4 

II 

***4.04 

20. G 

***6.10 

2 

. 47 1 

8.5 

1.77 

li 

12.9 

*2.52 1 

13.3 

**3.06 

3 

; 46 

— 1.6 

| 0.C0 

.j 

0.6 

0.83 , 

3.2 

1.30 , 

4 

: 69 1 

3.3 

0.90 

ri 

4.4 

1.04 

1.3 

0.36 

6 

^ 69 

5.9 

1.22 

,t 

i 

i 

7.3 

1.73 

8.7 

*2.38 

G ! 

! G2 

10.0 

*2.20 

i 

1 

14.7 

**3.46 ,j 

1G.G 

*** 431 

7 

' 04 

— G.O 

1.G6 

l 

i 

— 3.4 

0.75 ' 

0.8 

0.37 

8 

64 i 

: 2.2 

1 0.65 

i 

i: 

J, 

3.3 

0.78 j 

4.8 

! 1 33 j 

9 

97 

9.4 

**3.35 

il 

II 

11.2 1 

***3.70 i 

11.1 

j *1*4,02 1 

10 

G2 i 

— 3.6 

! 0.81 

il 

— 4.8 

1.20 j 

! -i-7 

j 0.45 1 

11 

49 i 

— 4.4 

0.75 

; 

— 1.2 

0.32 j| 

i - 2 ' 1 

j 0.28 | 

12 

•jo i 

j 

— 8.9 

1.98 

11 

— G.6 

i.48 ; 

- G.7 

1 1.80 ! 

13 

96 j 

— 5.5 

1.58 

ii 

0.2 | 

0.05 1 

1.7 

0.73 


i ! 



ii 

1 



15 

| G4 ’ 

— 5.8 

1.83 

| 

— 11.8 

***3.80 : 

— 1 G.O 

! *'*6.24 

1G 

! 69 ' 

— 15.4 

CO 

CO 

1 



i 

— 19.9 i 

! ***6.37 1 

i — 22.1 

1 ***6.08 


The hypernormal cases in groups 15 and 16 differ significantly 
from group 14 except at 600 kg-m/min in the case of group 15. 

On the assumption that pulse rate is a linear function of work- 
load, the angular coefficients (b) for these variables are calculated 
according to the method of least squares. For convenience the 
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TABLE 7 B. Differences of pulse rate means between the normal 
and other groups. 

Corresponding to Table 5 B. 


Group 


900 

1200 ! 

f 


mm 

f 

D 

t 

f 

D 

t 


54 

16.2 

** 3.20 

64 

20.2 

*** 4.88 

51 

20 6 

*** 6.10 

i 2 

49 

10.9 

* 2.22 

48 

12.9 

* 2.66 

47 

13.3 

** 3.06 

; 3 

46 

3.7 

0.60 

46 

4.7 

0.83 

45 

3.2 

1.30 ! 

! 4 

61 

2.7 

0.76 

61 

3 3 

0.75 

59 

1.3 

0.36 

6 

63 

8.8 

1.71 

63 

10.7 

* 2.43 

69 

8.6 

* 2.38 

6 

66 

12.6 

** 2.84 

64 

16.5 

*** 3.77 

62 

16.6 

*** 4.31 

7 

66 

— 6.7 

1.63 

67 

— 3.5 

0.78 

64 

0.8 

0.37 

! 8 

67 

2.2 

0.67 

65 

3.4 

1.70 

64 

4.7 

1.33 

» 

106 

11.2 

*** 3.97 

106 

12.8 

** 3.31 

97 

12.7 

*** 4.02 

• 10 

69 

2.7 

0.62 

67 

— 2.6 

0.62 

62 

0.6 

0.46 

11 

53 

— 4.0 

0.87 

52 

0.1 

0.02 

49 

— 2.1 

0.28 

: 12 

66 

— 6.2 

1.81 

62 

— 3.5 

0.88 

50 

- 4.7 

1.00 

13 

106 

— 5.3 

1.91 

103 

— 2.0 

0.69 

96 

1.7 

0.73 

1 16 • 

59 

— 15.4 

*** 4.38 

65 

— 19.7 

*** 6.61 

65 

— 21.1 

*** 6.58 


TABLE 8. Angular coefficients based on pulse rate and work load 
divided by 300. 


Group 

M 

5 

n 

Group 

M 

s 

• 

n 

1 

25.3 

4.9 

13 

9 

24.2 

6.2 

69 

2 

24 . 0 ' 

2.1 

9 

10 

23.6 

6.6 

24 

3 

22.5 

5.2 

7 

11 

21.8 

4.9 

11 

4 

20.6 

3.8 

21 

12 

21.9 

4.7 

11 

5 

23.9 

6.4 

21 

13 

22.4 

5.4 

57 

6 

24.3 

6.9 

24 

14 

21.4 

4.7 

40 

7 

25.1 

6.0 

‘ 26 

15 

16.6 

4.3 

26 : 

8 

23.1 

4.6 

26 

16 

17.3 ' 

4.3 

21 1 


calculations are based on work-loads divided by 100. The values 
of 3b are given in Table 8. The high values of b appear to be 
related to high pulse rates at 1200 kg-m/min. An analysis of 
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variance of the differences between the group-averages of 3b gives 
F— 6.60*** for 15 and 380 degrees of freedom and is thus highly 
significant. 

As mentioned in the survey of literature the linear relation of 
pulse rate to oxygen consumption or work-load has not always 
been found correct at heavier loads. For this reason and because 
most workers in this field have largely used selected subjects, it is 
interesting to investigate this problem in a comprehensive, mixed 
material. 

E 

230 _ q 


• o 


cm a 


200 J 


oa 


•» 


o» 


<•») 


as 


150J 


•» 


0 A 

• B 

OC 


at a 

Oft) 
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©Oft 


100 I — j_ 
• +10 


T 

0 


, 1 I 1 ! 1 1 J— 

-10 -20 -30 -40 -50 


Fig. 1. Mean values of D for classes of E. A calculations based on work- 
loads, B on oxygen consumptions and C on work-loads for cases included in B. 
Vertical axis: estimated pulse rates. Horisontal axis: difference between 
observed and estimated pulse rates. 
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The mean values of pulse rates in Table 5 A show only a 
slightly smaller increase in pulse rates from 900 — 1200 kg-m/min 
compared to 600 — 900 kg-m/min for groups with the highest 
pulse levels. This does not definitely disagree with the linear 
relationship. 

For a closer examination the writer has however adopted 
another procedure. The pulse values at 1200 kg-m/min have been 
estimated from the values at 600 and 900 kg-m/min on the 
assumption that pulse rate is a linear function of work-load. These 
estimates are compared with the observed values at 1200 kg-m/min. 
The difference, observed value minus estimated value (=D), and 
the corresponding estimated value (E) for each case, was repre- 
sented in a scatter diagram. 

In Fig. 1 are shown the averages of D for each class interval 
of 10 beats/min of E. If the pulse rates at the three loads are 
linearly related, the averages for each class of E should not differ 
from zero. In Table 9 the class averages of D are calculated 
together with t-values for discrepancies. In general, a linear rela- 
tion exists when E falls between 155 and 175 beats/min. Below 
this range the pulse curves are inclined, whereas above they are 
declined. Table 9 explains why no positive conclusions as to the 
linearity of the pulse curves can be drawn from Table 5 A, in 

TABLE 9. Means of differences (D) between observed and esti- 
mated pulse rates at 1200 kg-m/min for classes of estimated pulse 
rates (E), based on work-loads, t-values indicate degree of signi- 
ficance for departure of D from zero. 


E | 

D 

s 

n 

t 

E 

D 

s 

n 

t 

no ! 

6.3 

3.2 

12 

***6.81 

180 

-4.7 

5.6 

46 

***6.82 

120 

6.8 

9.7 

10 

2.22 

190 

— 8.8 

6.2 

30 

***7.96 

130 

6.3 

6.4 

26 

***4.76 

200 

— 14.4 

7.8 

22 

***8.66 

140 * 

3.8 

7.9 

48 

***3.61 

210 

- 16.4 

6.4 

11 

***8.44 

160 , 

2.5 

6.4 

63 

**3.14 

220 

— 30 


1 


160 

0.4 

5.9 

67 

0.69 

230 

— 46 


1 


170 , 

— 0.6 

7.2 

61 

0.64 
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TABLE 10. Differences between observed and estimated pulse 
rates at 1200 kg-m/min for classes of estimated pulse rates , based 
on oxygen consumptions, t-values as in T able 9. 


E 

D 

s 

n 

MB 

E 1 

D 

s 

n 

t 

110 

4.0 

2.0 

3 

• *3.48 

! 

170 | 

— 0.9 

6.6 

68 

1.07 

120 

6.0 

9.6 

4 

1.04 

180 

— 6.6 

9.1 

40 

***4.04 

130 

6.8 

6.9 

17 

**3.46 

190 

— 8.1 

6.3 

19 

***6.40 

110 

6.0 

7.8 

30 

***4.34 

200 | 

— 13.4 

7.0 

18 

***8.48 

160 

2.7 

6.8 

47 

**3.32 

210 ; 

— 14.7 

4.9 

9 

***8.99 

160 

— 0.3 

7.1 

66 

0.37 

220 | 

— 27.3 

7.3 

8 

***10.62 


TABLE 11. A. Differences between observed and estimated pulse 
rates at 1200 kg-mlmin based on work-load, for all cases represen- 
ted in Table 10. 

B. Differences between means calculated according to either 

method. 


E 

1 

D 

A 



B. 

I s 

n 

t 

D, +d 

i 

! no 

5.0 

j 

4.6 

2 

1.58 

1.0 + 3.4 

1 120 

4.0 

7.9 

5 

1.14 

1.0 + 5.9 

130 

7.2 

6.8 

22 

***5.78 

1.4 + 2.1 

140 

6.6 

7.5 

33 

***6.04 

0.6 + 1.9 

150 

2.4 

6.6 

62 

**2.78 

0.3 + 1.2 

160 

0.0 

' 6.0 

57 

0.05 

0.4 ± 1.3 

170 

-1.2 

, 7.3 

53 

1.17 

0.3 + 1.3 

180 

— 4.0 

j 6.5 

40 

***4.54 

1.7 ± 1.6 

190 

— 9.4 

| 6.4 

22 

***6.90 

1.3 + 2.0 

200 

— 13.4 

5.8 

13 

***8.26 

0.0 ± 2.3 

210 

— 13.8 

4.3 

8 

***8.99 

0.9 ± 2.2 

220 

— 30 

! 

1 



230 

— 46 

i 

1 
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which the average pulse rates consist of values from different 
pulse levels. 

It may be concluded that the shape of the pulse curve is in- 
fluenced by the pulse level. 

For completeness and partly for control of the relation of the 
oxygen consumption to work-load, the same procedure has been 
repeated with oxygen consumption values (Table 10, Fig. 1). 
Table 11 A corresponds to Table 9, and Table 11 B shows that 
generally speaking no differences exist in using work-load instead 
of oxygen consumption. 


3. Ventilation of the lungs. 

For convenience, ventilation is expressed as ventilation per liter 
oxygen consumption. Under ideal conditions this quotient (ven- 
tilation coefficient for oxygen) increases slightly with the load. 


TABLE 12 A. Ventilation coefficients. 
Cases with values at each of the three loads. 


1 

j Group 

n 


M + m 
! 900 


600 

12 0 0 

l 

1 

12 

19.7 +0.79 

21.2 + 0.93 

25.0 + 1.12 

' 2 

8 

17.6 + 1.01 

19.0 + 1.00 

21.1 + 1.17 

8 

7 

18.4 + 0.48 

18.3 + 0.62 

19.9 + 0.67 

, 4 

18 

19.6 + 0.76 

19.9 + 0.62 

20.8 + 0.60 

5 

19 

17.9 + 0.65 

18.7 + 0.70 

19.5 ± 0.90 

6 

24 

18.9 + 0.53 

19.6 + 0.61 

20.6 ± 0.68 

7 

24 

18.0 + 0.40 

18 6 + 0.47 

20.0 ± 0.66 

I 8 

19 

19.1 + 0.48 

20.5 + 0.64 

22.6 + 1.10 

i 9 

63 

19.8 + 0.48 

20.1 + 0.44 

21.5 + 0.68 

1 

1° 

22 

19.6 + 0.66 

20.6 + 0 76 

22.3 + 0.88 

11 

8 

17.4 + 0.76 

17.8 + 0.62 

19.4 + 0.82 

i 12 

11 

18.8 + 0.67 

19.9 + 0.80 

21.8 + 0.90 

1 13 

47 

17.8 + 0.26 

18.3 + 0.31 

20.3 + 0.38 

} 14 

27 

17.0 + 0.54 

17.9 + 0.43 

19.4 + 0.47 

: lc 

10 

16.3 + 0.40 

16.6 + 0.50 

17.0 + 0.71 


4,0 



TABLE 12 B. Ventilation coefficients. 
All values included. 


Group 

_ 

n 

r.oo 


mam 

■BUM 

M + m 


n 

mam 

l 

16 

20.4 + 0.87 

! 16 

( 

22.8 + 0.87 

i 

13 

26.0 + 1.12 

2 

10 

20.6 + 2.22 

> 10 

20.3 + 1.58 

8 

21.1 + 1.17 

a 

8 

18.6 + 0.42 

8 

18.6 + 0.56 : 

7 

10.0 + 0.67 

•i 

23 

10.2 + 0.73 

i 20 

20.0 + 0.62 | 

20, 

20.4 + 0.60 

5 

23 

18.6 + 0.60 

i 23 

10.6 + 0.84 

20 | 

10.0 + 0.86 

0 

27 

10.5 + 0.62 :j 26 

10.8 + 0.61 

24 | 

20.6 ± 0.68 

7 

26 

18.0 + 0.40 

! 27 

18 7 + 0.46 

26 ' 

20.2 ± 0 62 

8 

21 

10.3 + 0.61 

| 21 

20.8 + 0 61 

20 ! 

22.5 + 1.10 

;i 

66 

10.0 + 0.51 

j 65 

20.5 + 0.30 

67 

21.6 + 0.64 

10 

20 

21.0 + 0.72 

+ 

20.8 + 0.71 

23 

22.3 + 0.88 

11 

10 

17.6 + 0.66 

• 13 

17.6 ± 0.52 

10 

10.1 + 0.64 

12 

17 

1 8.6 + 0.64 

! 13 

10.0 + 0.68 

12 

21.8 + 0.84 

13 

61 

17.7 + 0.16 

j 56 j 18.4 + 0.31 

54 

20 1 + 0.36 

M 

30 

17.6 4- 0.63 

' 20 

18.1 + 0.88 

30 

10.5 + 0.44 

ir. 

11 

16.3 + 0.40 

| 10 ! 16 6 + 0.31 

20 

17.0 + 0.71 


TABLE 13. Analysis of variance of ventilation coefficients bet- 
ween and within groups. 

A. Corresponding to Table 12 A. 

B. Corresponding to Table 12 B. 


i 1 

Load 

Degrees of 
freedom 

1 j 2 

1 

P 

j 

> 

O 

o 

14 

294 

***2.89 

900 

,, 

294 

*•*8.86 

1200 

14 

294 

***4.37 

B 600 

1 4 

364 

***3.32 

■ 900 

14 

367 

***5.10 

1200 

14 

329 

***6.01 
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If hyperventilation occurs, ventilation coefficient is definitely in- 
creased when oxygen consumption is still adequate. 

The mean group values of ventilation coefficient are shown in 
Tables 12. Table 13 shows that there are significant differences 
between some of the groups. It can generally be concluded that 
the increase of differences is not the same as in pulse reaction with 
increasing loads. An increase is observed from 600 to 900 kg- 
m/min but not usually from 900 to 1200 kg-m/min. Statistically 
verified discrepancies from group 14 (Tables 14) are observed at 
600 kg-m/min with groups 1, 9 and 10. At 900 kg-m/min with 
groups 1 and 8 (heart cases), 10 (lung cases), and with group 9. 
At 1200 kg-m/min with groups 1, 9, 10, 12 and 16. Probable 
discrepancies exist with groups 4, 8 (heart cases) at 600 kg-m/min. 
At 900 kg-m/min with groups 4 and 6 (heart cases), 12 (lung 
cases) and 16 (athletes). At 1200 kg-m/min with group 8 (heart 
cases). 


TABLE 14 A. Differences of ventilation coefficient means bet- 
ween the normal and other groups. 

Corresponding to Table 12 A. 


Group 

f 

(500 

D t 

D 

900 

... -- ^ 

! 1 2 

00 

Id 

i t 

1 

37 

2.2 

“ 2.29 

3.3 

j ** 3.24 

6.6 

*** 4.69 

2 

33 

0.1 

0.06 

1.1 

! 1.01 

1.7 

1.36 

• 3 

32 

0.8 

1.10 

0.4 

0.60 

0.6 

0.61 

4 

43 

2.0 

* 2.16 

2.0 

! * 2.46 

1.4 

1.87 

5 

44 

0.3 

0.80 

0.8 

j 0.98 

0.1 

0.99 

6 

49 

1.3 

1.71 

1.6 

; * 2.13 

1.2 

1.60 

7 

49 

0.6 

0.10 

0.7 

1.09 

0.6 


8 

44 

1.6 

“ 2.08 

2.6 

j *** 3.71 

3.2 


9 

78 

2.2 

** 3.02 

2.2 

! *** 3.62 

2.1 

** 2.80 

10 

47 

2.0 

* 2.36 

2.6 

j ** 2.90 

2.9 

** 2.94 

11 

33 

- 0.2 

0.22 

- 0.1 

0.13 

— 0.1 

0.07 

12 

36 

1.2 

1.40 

2.0 

| * 2.20 

2.4 

* 2.28 

13 

72 

0.2 

0.33 

0.4 

i 0.39 

1 

0.9 

1.48 

16 

36 

-13 

1.94 

— 1.4 

! * 2.12 

- 2.4 

** 2.82 
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TABLE 14 B. Differences of ventilation coefficient means between 
the normal and the other groups. 

Corresponding to Table 12 B. 


Group 


6 0 0 


1 

1 


000 


!| 

i ; 


1200 i 

f 

D ! 

t 

i 

l 

f 

D ! 

c 

■r 

li 

f ! 

D 

t 

1 

44 

| 

2.8 ! 

** 2.76 


42 

4.2 ; 

i 

**3 42 

'1 

41 

5.5 

*** 4.68 

2 

38 

3.0 i 

1.32 

1 

37 

2.2 

1.22 

1 

36 

1.6 

1.28 

3 

36 

0.9 

1.32 

i 

35 

0.5 

0.48 

ii 

) 

i 

35 

0.4 

0.50 

4 

61 

1.6 

1.78 

1 

47 

1.9 

1.72 

!■ 

49 

0.9 

1.23 

5 

61 

1.0 

1.16 

; 

i 

j 

60 

i.o 

1.24 

i ; 

n 

48 

0.4 

0.41 

6 

65 

1.9 . 

* 2.61 

53 

1.7 j 

1.59 

li 

52 

1.1 

1.61 

7 

1 

63 

0.4 

0.61 


64 

■ 0.6 ; 

0.61 

i 

i 

64 

0.7 

0.92 

8 

62 

1 7 ■ 

* 2.12 


48 

2.7 j 

* 2.54 

|! 

48 

3.0 

* 2.66 

9 

93 

2.3 j 

** 3.10 

i 

92 

2.4 ! 

* 2.60 

i 

85 

2.1 

** 2.98 


57 

3.4 

*** 3.81 

! 

64 

2.7 ; 

** 2.39 


61 

2.8 

** 2.86 

« 

38 

— 0.1 

0.12 

| 

40 

— 0.6 

0.49 

j' 

38 

— 0.4 

0.61 

12 

46 

1.0 

1.30 

40 

1.8 1 

1.62 

j 

ij 

40 

2.3 

* 2.41 

13 

89 

0.1 

0.18 


83 

0.2 ; 

0.22 

i 

82 

0.6 

1.07 

16 

39 

— 1.3 , 

1.99 

1 

46 

- 1.6 i 

1.61 

j’ 

48 

- 2.5 

** 2.98 


. 4. Respiratory rate. 

Unfortunately determinations of respiratory rate at work' were 
not taken up until about half the material had been covered, so 
that respiratory rates are measured only in 243 cases. This has 
meant that in some groups only few values of respiratory rates 
are available. Therefore some uncertainty is involved in the cal- 
culations of differences between sonic groups. Nevertheless, the 
use of the t-test in the statistical treatment of the material com- 
pensates this to a large extent. 

In Table 15 A and B the group averages are tabulated. From 
Table 16 A it can be seen that the differences between the groups 
in general are significant and increase slightly with the load. 'When 
as in Table 16 B, all values are taken into account, the differences 
are highly significant. A comparison between the normal group 
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TABLE 17 B. Differences of respiratory rate means between the 
normal and other groups. 

Corresponding to Table 15 B. 


Group 

(500 

900 | 


f 

D ! 

t 

f l 

D 

t 

f 



3 

28 

1 

2.4 

— 

1 

24 i 

1 

2.5 j 

! 

1.97 | 

23 

i 

2.2 

0.96 ! 

6 

33 

3.0 

1.88 

33 

4.1 ' 

1.98 

32 

3.9 

1.73 

7 

38 

2.2 

1.80 

39 

1.8 

1.44 

37 

2.8 

1.71 

8 

34 

4.4 

**3.47 

! 33 

3.9 

*2.07 

33 

4.4 

1.70 

10 

63 

6.8 

***3.64 

61 

6.9 

***4.65 

46 

7.1 

***4.31 

11 

36 

1.9 

1.62 

36 

0.8 

0.93 

33 

1.9 

0.09 

12 

40 

3.0 

*2.69 

36 

3.6 

**2.86 

34 

4.4 

**2.97 

CO 

H 



87 

4.2 

***4 33 

87 

4.6 

***4.73 

80 

3.3 

**2.73 


TABLE 18. The connection between ventilation coefficient (V. c.) 
and respiratory rate. 

Cases with values at each of the three loads. 


V. c. 



Respiratory 

rate 




GOO 

000 ! 

1200 

n 

M 

s 

n 

M 

s 

n 

M 

s 

12 

2 

14.6 

0.7 


i 





16 

36 

17.2 

2.6 

24 

19.0 

3.0 

14 

20.6 

3.4 

18 

72 

19.9 

3.6 

74 

22 1 

3.7 

47 

24.7 

4.2 

21 

41 

23.0 

3.9 

42 

26.0 

4.0 

70 

27.5 

4.4 

24 

6 

26.3 

6.4 

12 

29.0 

4.9 

20 

31.4 

3.8 

27 

2 

32.6 

12.1 

7 

29.0 

7.4 

8 

33.4 

6.6 








6 

37.3 

5.4 

30 










33 


I 




1 

4 

1 

36.3 

1.6 


r=0.5B Hh 0.05 


r = 0.61 0-0^ 
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TABLE 16. Analysis of variance of respiratory rates between and 
within groups . 

A. Corresponding to Table 15 A. 

B. Corresponding to Table 15 B. 



i 

| Load ; 

Degrees of 
freedom 

1 

i 

F 


1 

1 

2 


A 

i 

600 

14 

186 

**2.63 


900 

14 

186 

**2.63 

— 

i 1200 

14 

186 

***2.97 

B 

; ooo 

14 

216 

***4.32 


900 

14 

210 

***3.34 


1200 

14 

190 

***3.04 


TABLE 17 A. Differences of respiratory rate means between the 
normal and other groups. 

Corresponding to Table 15 A. 


i Group 

| 

f 1 

1 

6 0 0 

D t 

0 0 0 

1200 1 

D 

t 

D 

t 

i 1 

! 

26 j 

J 

3.7 

! 

*2.73 I 

3.5 

**2.92 

[ 

10.2 

***8.07 

2 

2g ; 

— 0 1 

0.08 

0.8 

0.75 

2.4 

1.19 

3 

23 

2.4 


1.5 


0.2 


4 

30 

2.7 

1.02 ! 

2.4 

0.99 

1.9 

0.70 

5 

32 | 

2.6 

1.G2 

3.1 

1.63 

3.9 

1.73 

i 

0 i 

26 ; 

4.! ; 

1.85 ; 

4.6 

0.94 

6.2 

1.20 

7 

36 

1.7 

1.45 ; 

1.4 

1.04 

2.7 

1.63 

8 

33 , 

3.1 

*2.30 j 

3.9 

*2.07 

4.4 

1.70 

9 

32 j 

3.7 • 

*2.45 i 

4.2 

*2.21 

3.1 

1.27 

10 ! 

46 

6.4 ■ 

**3.43 j, 6.1 

***4.22 

7.1 

***4.31 

ii s 

33 , 

2.2 

1.43 

0.8 

0.83 

1.9 

0.09 

12 j 

33 j 

2.6 

*2.14 | 

2.6 

*2.37 

3.4 

**2.76 

• 13 j 

79 

1.0 

1.01 | 

2.2 

*2.27 

2.8 

*2.31 

16 j 

31 | 

- 1.2 

0.96 | 

-1.9 

1.60 

— 2.4 

1 58 
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TABLE 17 B. Differences of respiratory rate means between the 
normal and other groups. 

Corresponding to Table 15 B. 


Group 



1200 

f 

D 

isl 

f 

D 

■ ’ ' | 

f 

D 

t 

3 

28 

2.4 


24 

2.6 

1.97 

23 

2.2 

0.96 

6 

33 

3.0 

1.88 

33 

4.1 

1.98 

32 

3.9 

1.73 

7 

38 

2.2 

1.80 ! 

39 

1.8 

1.44 

37 

2.8 

1.7 1 

8 

34 

4.4 

**3.47 

33 

3.9 

*2.07 

33 

4.4 

1.70 

10 

63 

6.8 

***3.64 

61 

6.9 

***4.66 

46 

7.1 

***4.31 

11 

36 

1.9 

1.62 

36 

0.8 

0.93 

33 

1.9 

0.09 


40 

3.0 

*2.69 

36 

3.6 

**2.86 

34 

4.4 

**2.97 

CO 

87 

4.2 

***4 33 

87 

4.6 

***4.73 

80 

3.3 

**2.73 


TABLE 18. The connection between ventilation coefficient (V. c.) 
and respiratory rate. 

Cases with values at each of the three loads. 


V. c. 




Respiratory 

rate 




600 

900 

1200 


n 

M 

s 

n 

M 

s 

n 

M 

s 

12 

2 

14.5 

0.7 







16 

36 

17.2 

2.6 

24 

19.0 

3.0 

14 

20.6 

3.4 

18 

72 

19.9 

3.6 

74 

22 1 

3.7 

47 

24.7 

4.2 

21 

41 

23.0 

3.9 

42 

26.0 

4.0 

70 

27.5 

4.4 

24 

6 

25.3 

6.4 

12 

29.0 

4.9 

20 

31.4 

3.8 

27 

2 

32.6 

12.1 

7 

29.0 

7.4 

8 

33.4 

5.6 

30 







6 

37.3 

6.4 

33 







4 

36.3 

1.6 


r=0.55 ± 0.06 

r =0.61 Hr 0.05 

r — 0.63 + 0.04 
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(14) and the other groups yields significant discrepancies, at least 
at the higher loads with groups 1 (heart cases) and 10, 12, 13 
(lung cases). (Table 17 A and B). 

Although the corresponding differences for ventilation coeffi- 
cients are also significant in some other groups, there are simila- 
rities when compared to the respiratory rate differences. An ana- 
lysis of the connection between ventilation coefficient and respi- 
ratory rate gives moderate linear correlations at the three loads 
(Table 18 and Fig. 2). The correlation increases slightly with the 
load. Correlation between total ventilation and respiratory rate 
is of the same magnitude. 
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5. Significance of vital capacity. 

Average values of vital capacities for the various groups are 
shown in Table 19. Analysis of variance of the differences bet- 
ween the group means gives an F-value of 7. 32***. The lowest 
averages in the groups are apparent in that of valvular disease, 
and of emphysema. The highest values are in the hypernormal 
groups 15 and 16. 


TABLE 19. Vital capacity (liters). 


Group 

n 

M + m 

Group 

n 

M + m 

1 

16 

3.6 + 0-16 

9 

68. 

4.3 ± 0.08 

2 

11 

4.3 4- 0.24 

10 

37 

3.7 ± 0.17 

3 

8 

4.3 + 0.20 

11 

16 

4.3 ± 0.17 

4 

22 

4.2 + 0.16 

12 

20 

3.9 ± 0.14 

6 

26 

4.3 ± 0.14 

13 

67 

4.6 ± 0.08 

6 

27 

4.3 ± 0.10 

14 

37 

4.4 + 0.13 


29 

4.6 + 0.19 

15 

26 

4.7 + 0.11 

8 

29 

4.4 ± 0.15 

16 

19 

5.0 ± 0.13 


F=***7.32 


As ventilation and respiratory rate may be influenced by vital 
capacity, it is of interest to investigate the correlations between 
these variables. The correlation coefficients between vital capacity 
and respiratory rate are rather small (Table 20 and Fig. 3), but 
there is a clear tendency to higher respiratory rates with decreasing 
vital capacities. It may be observed that the range of variation 
in most vital capacity-groups is fairly large. The correlation bet- 
ween vital capacity and ventilation coefficient is slightly less than 
for respiratory rate. 

In addition to other factors, total ventilation is limited by vital 
capacity and by respiratory rate. "When vital capacity is low, 
total ventilation is more easily maximized with increasing respi- 
ratory rate. When vital capacity is normal, or above normal, 
total ventilation may be maximized when the respiratory rate 
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A 



Fig. 3. The connection between vital capacity and respiratory rate. Mean 
values of respiratory rate for classes of vital capacity with regression lines. 


reaches greater values. This explains why no simple correlation 
is found between ventilation coefficient and vital capacity. 

The results of the group-analysis above can be summarized as 
follows. 


4 
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TABLE 20. The connection between vital capacity and respira- 
tory rate. 

Cases with values at each of the three loads. 


1 



Respiratory rate 


V.cap. 

n 

0 0 0 5 9 0 0 

H 1 

1200 



M 

s S M 

s 

M' 

s 

2.6 

3 

24.0 

1.7 

28.0 

n 

2.7 I 33.7 

0.6 

3.0 

11 

20.7 

2.9 

24.3 

2.7 : 

30.3 

3.4 

| 3.5 

18 

22.7 

6.0 

26.1 

0.6 

31.9 

6.7 

' 4.0 

38 

21.6 

4.3 

24.6 

4.7 

28.9 

4.8 

4.6 

63 

20.1 

4.2 

23.5 

4.6 

28.1 

6.4 

, 5.0 

42 

18.9 

3.9 

21.4 

4.1 j 25.3 
4.6 ,j 23.4 

6.0 


21 

18.2 

3.5 

20.6 

5.1 

i 6.0 

8 

18.0 

4.1 

19.3 

5.6 lj 21.0 

4.7 

0.6 


10 


21 


24 


7.0 

1 

20 


1 20 


21 


1 


r=— 0.30 + 

± 0 06 

r=— 0.32 + 

+ 0.06 

r= — 0.40 i 
± 0.06 



F=**2.79 

F=***3 78 

F— ***6.70 


Oxygen consumption. No significant differences . between 
the group means at any load. 

Pulse late. Significant differences increasing with the load. 
Taking the group of ordinary healthy subjects as a basis, the 
differences are shown to exist in some of the heart groups and 
hypernormal groups. 

Ventilation coefficient. The tendency to increasing diffe- 
rences with load is not conspicuous to the same extent. Significant 
differences are shown to exist in some heart groups, and in em- 
physema groups. 

Respiiatoiy late. There is no striking tendency of increasing 
differences with load. Significant differences are observed in the 
group of rheumatic valvular disease, and in groups of pulmonary 
diseases. ■ 
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VI. Determination of the individual working 

capacity. 

1. General discussion. 

Although the response to work of the various functions investi- 
gated show clear differences between normal subjects and some 
heart and lung patients, as well as between the latter, nothing can 
be said about the individual working capacity from such group- 
calculations. 

The regularity of the variations with work-load of pulse and 
respiratory rates seem to be the functions best suited for this pur- 
pose. In addition, pulse and respiratory rates exert an influence 
upon cardiac output and total ventilation respectively. Pulse rate 
is roughly a linear function of oxygen consumption and work- 
load. Judged by the findings referred to in the survey of literature 
it is usually 170 — 200 at exhausting work in adult healthy sub- 
jects. At these values no further increase of cardiac output is to 
be expected with increased pulse rate. However, oxygen for the 
working muscles may still be supplied by increased utilization, 
but it is only possible to work for a short time under such con- 
ditions. The factor responsible for limiting cardiac output is the 
time of diastole which at pulse rates above 180 may be too short 
for adequate filling of the heart. 

It is thus possible to make an estimate of the limit to which 
cardiac output can be increased, by studying the pulse curve 
during work in any individual case. When the pulse rate has 
reached a sufficiently high value at a certain load, this load is 
said to be maximal. In this study the maximum heart rate at 
which work can be performed adequately is put at 170 beats per 
minute. If the pulse rate at any load is above this value, the load 
is regarded as an overload. It must be admitted that some indi- 
viduals can work with a pulse rate slightly above 170 beats per 
minute, but they are not expected to do this for any length of 
time as there is usually a prolonged increase of pulse rate. Con- 
sequently they may reach a value of 180 or more after some time 
and are thus at the limit of their capacity. 
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If an individual has not reached 170 beats per minute at the 
loads employed, his maximum work-load can be estimated from 
the relation between work-load and pulse rate. If the pulse rate 
at the 6th minute of work is just below 170, it may be difficult 
to say whether the load is to be considered maximal or not. The- 
following procedure has been used in such cases. When the pulse, 
rate level is fairly constant, the subject is said to work adequately, 
but when the pulse rates at the load in question are increasing so 
that the'next value is expected to be above 170, the load is re- 
garded as maximal. 

Respiratory rate likewise shows a regular increase with load. 
It appears however to be a less stable factor than pulse rate. At 
exhausting work, values above 30 resp. per minute have usually 
been found by previous investigators. The range of variation is 
wide. A value above 30 is however regarded as a sign that the 
subject has reached the limit of his capacity with respect to his 
respiratory ability. Respiratory rate exerts a limiting influence 
upon total ventilation, for when it is sufficiently high, no increase 
of ventilation is to be expected. It is difficult to say at which 
value this effect occurs in the individual case, as vital capacity, 
dead space and residual air are important factors in the mecha- 
nism. For practical purposes, a respiratory rate of 30 can be 
used as the highest value, definitely consistent with a good per- 
formance. Values above 30 show that the load is, or begins to be, 
too great. This limit is concluded from previous investigations, 
and from estimation of the degree of distress produced by work 
on the persons in the present material. This method of evaluating 
the respiratory response is with any greater degree of certainty, 
only valid when the respiratory rates at the different loads behave 
in the usual manner. There are cases that have values of about 30 
at light loads, but no, or only slight increase occurs with load, 
sometimes even a decrease being observed. Such cases are difficult 
to appraise, but often psychic influences can be suspected. No 
attempt has been made to estimate working capacity from extra- 
polation of respiratory rates, as the differences between the values 
of the various loads are usually numerically small. An extra- 
polation could therefore be considerably erroneous. 
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The ventilation coefficient at the beginning of this study was 
believed to give valuable information as to the respiratory response 
to work (Wahlund, 1945), A definite increase of ventilation 
coefficient was to indicate the increase of total ventilation which 
accompanies exhaustion. As discussed before, it is not necessary 
that such an increase occurs if for instance respiratory rate is 
sufficiently high. This effect is more pronounced when conditions 
are such that alveolar ventilation is decreased. Another statement 
also made at the beginning of this study, that a ventilation coeffi- 
cient above 24 indicates a lesser capacity to work, will be justified 
to some extent in later pages. 

Before discussing the individual working capacities of the persons 
investigated, according to pulse rate and respiratory rate analyses, 
it is of interest to show that there is on the whole some connection 
between the pulse rate and respiratory rate levels. When for 
1200 kg-m/min respiratory rates are correlated to pulse rates in 
any individual case, it is found that they increase with each other, 
although the range of variation is fairly wide (Table 21, Fig. 4), 
whereas no definite correlation is found between ventilation 
coefficient and pulse rate. 


TABLE 21. The connection between pulse rate and respiratory 
rate at 1200 kg-m/min. 


Puise Respiratory rate 


rate 

M 

s 

n 

120 

23.5 

1 

j 3.6 

5 

130 

24.8 

7.2 

10 

140 

25.8 

5.0 

20 

150 

25.8 

6.4 

49 

100 

27.2 

5.4 

49 

170 

28.8 

| 4.5 

48 

180 

29.3 

6.3 

16 

190 

32 6 

' 4.4 

7 
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Fig. 4. The connection between pulse rate and respiratory rate at 1200 kg-mhnin. 
Mean values of respiratory rate for classes of pulse rate with regression line. 


To summarize, working capacity is determined in the following 
manner in most cases. 

1. Circulatory reaction. The highest load at which pulse 
rate does not exceed 170 heats per minute. 

2. Respiratory reaction. The highest load at which respi- 
ratory rate does not exceed 30 respirations per minute. 


54 



2. General results. 


In Tables 22 maximal loads are presented for all individuals in 
the various groups. Let- us first consider the group of ordinary 
healthy subjects (14). The pulse rate analysis (Table 22 A) shows 
that 87 % of the subjects had a working capacity of at least 
1200 kg-m/min. The remainder had a capacity of 900 kg-m/min. 
The respiratory rate analysis generally yields the same result. 
When the capacity is determined with respect to both respiratory 
and circulatory responses (Table 22 B and C), a slightly lower per- 
centage is observed for 1200 kg-m/min. Fig. 5 shows the reactions 
of a normal subject. In the group of hypernormal subjects (16) 
no one had a capacity of less than 1200 kg-m/min, whereas in 
group 15, 8 % had a capacity of 9 00 kg-m/min. 


TABLE 22 A. Working capacity . 
According to pidse rate analysis. 


: Group 

n 

! 300 

j 600 

Working capacity 

, kg-m/min. 


900 

1200 

1500 

1800 

O 

o 

All 

1200 

1 

16 

l 

1 0 

9 






2 

1 1 

1 

3 

0 

• » 

3 

1 



4 

3 

8 



4 

4 




4 

4 

23 


1 

7 

10 

3 

2 


16 

0 

25 

2 

' 3 

8 

10 

1 


i 

12 

6 

27 

2 

9 

9 

5 


2 


7 

7 

29 


I 

8 

12 

8 



20 

8 

29 

i 

3 

9 

10 

6 



16 

' 9 

68 


10 

31 

18 

8 . 

1 


27 

10 

36 

i 

3 

8 

17 

3 

2 

2 

24 

11 

16 



3 

0 

4 



13 

12 

20 


1 

6 

3 

7 

0 

~ 

1 

13 

13 

67 


2 

22 

30 

1'2 

1 


43 

: 14 

40 


i 

C 

30 

4 


1 

35 

! 15 

26 


i 

2 

•1 

11 

« 

o 

i) 

24 

; 16 

27 


i 


6 

9 

4 

1 8 

27 
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TABLE 22 B. Working capacity. 
According to respiratory rate analysis. 


Group 

n 

Working capacity, kg-m/min. 

<300 | 300 

600 

900 

§=1200 

1 

4 

1 

1 

! 

4 


2 

4 


■ 


4 

3 

2 




2 

4 

8 

« 



8 

5 

11 


2 

2 

7 

6 

3 


1 

1 

1 

7 

16 

{ 


3 

13 ! 

I 8 

» 



6 

6 ! 

i 9 

10 

1 1 

3 

6 

10 

37 

4 5 

3 

11 

14 i 

11 

15 


1 

3 

11 

12 

19 


1 

7 

11 

13 

65 

i 8 

13 

49 

14 

j 24 

1 

! 

4 

20 

16 

i 9 
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Of course it is somewhat inadequate to speak of one normal 
working capacity. The ability of healthy men to work is in- 
fluenced by several factors; for instance daily occupation and the . 
extent to which they practise athletics. A man sitting all day in 
his office is not necessarily as capable of physical work as a 
labourer, but they may each have the »normal» working capacity 
of their respective occupational group. 

The majority of cases in this investigation have been exposed 
to some kind of training, either in their daily occupation or 
during military service. They may thus be regarded as homo- 
geneous in this respect. Furthermore a load of 900 kg-m/min, 
corresponding to an overconsumption of 1.5 2 liter of oxygen 

per minute, cannot be considered as a severe load for ordinary 
subjects. 1200 kg-m/min could not be performed by some »nor- 
mal» subjects but as the majority of the persons in the groups of 
healthy subjects could sustain this load, it is here referred to as 
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TABLE 22 C. W orking capacity. 
According to pulse and respiratory rate analysis. 


Group 

n 

Working capacity, kg m/min. 

<300 

300 

600 

900 

^ 1200 

1 

4 



1 

3 

• 

2 

4 ; 



2 

2 

3 

2 ; 




2 

4 

8 : 



1 

7 

r> 

ii 


2 

2 

7 

6 

3 i 


1 

1 

1 

7 

16 i 



3 

13 

8 

11 ! 



7 

4 

9 

10 


1 

5 

4 

10 

36 

3 

5 

3 

13 

12 

11 

16 



1 

3 

11 

12 

19 



2 

8 

9 

13 

65 



4 

23 

38 

14 

24 


1 

6 

19 

1C) 

9 


1 


9 ! 


the normal working capacity. A capacity of 900 kg-m/min is 
said to be slightly less than normal and capacities below 900 kg- 
m/min definitely abnormal. 

Table 22 A shows that the working capacities differ conside- 
rably within the groups when pulse curve analysis is the basis of 
estimation. High percentages of low capacities are seen in the 
groups which are definitely separated from the normal group with 
respect to pulse rate levels. There are however also cases in the 
other groups that have abnormal capacities, although the pulse level 
group-analysis at the different loads did not give abnormal results. 
The same can be seen in table 22 B regarding respiratory rate 
analysis. 

Group-analyses are necessary for solving some problems, but 
when, as in this case, some groups consist of cases with high pulse 
levels, and a sufficiently large number with low pulse levels, no 
differences need occur between the pulse means. Nevertheless 
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0 pulse rate 

O 3 oxygen consumption 



Fig. 5. Pulse and respiratory rates , ventilation coefficient and oxygen 
consumption at the various loads in a normal subject. 


definite abnormal reactions exist in the groups. Compare for in- 
stance the pulse rate differences in Table 7, with the working 
capacities in Table 22 A in groups 4, 5, 7, 8 and 10. 

The results in Tables 7 and 17 show that marked differences are 
found in groups containing cases which in advance could be re- 
garded as less capable of work when compared to ordinary sub- 
jects. This is in accordance with the results of other investigators 
on the reactions of different functions to work. In most tests it 
is however not possible for a more able subject to distinguish 
himself above other subjects than those that are definitely abnor- 
mal. When for instance pulse or respiratory rates are used at a 
single light load as indicators of working capacity, nothing is 
known about the reaction at higher loads. The only possibility 
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to draw conclusions from one light load should be based on the 
assumption that all individuals react in the same manner as regards 
the increase of pulse or respiratory rate with load. Table 8 shows 
however that this is far from true when pulse rates are considered. 

In Tables 22 it is seen that with increasing load a more diffe- 
rentiated picture of the working capacities of the individuals is 
attained. If the test had been restricted to 300 or 600 kg-m/min, 
only a few of the cases could, with the criteria used, be distin- 
guished from the others. At a load of 900 kg-m/min a larger 
number of cases are selected and at 1200 kg-m/min still more are 
weeded out. 

By studying the pulse and respiratory rate response of an in- 
dividual to a series of loads, it is thus possible to get more detailed 
information of the individual working capacity than by using 
only one load. 


TABLE 23. The connection between working capacities estimated 
according to pulse and respiratory rate. 


Pulse i 
analysis j 

j 

300 
GOO 
000 
I 5: 1200 


Resp. analysis 
<300 300 j 000 ; 000 


l 

1 

1 

i 

1 1 

1 

2 2 


2 31 
6 21 


^ 1200 


•24 

125 


Most of the capacities above 1200 kg-m/min in Table 22 A 
are found by extrapolation from the- pulse curves. As mentioned 
before no extrapolation has been tried with respiratory rates. The 
distribution of the capacities in Tables 22 B and C arc seen to be 
about the same, which indicates that, up to a capacity of 1200 
kg-m/min, the pulse rate analysis gives about the same result as 
that of respiratory rate. In fact, the rank correlation coefficient 
calculated on the basis of the two 'methods of estimating capacity 
is approximately unity. A suspicion of this could be drawn from 
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Table 21, in which the respiratory rates were seen to increase with 
the pulse rates. The range of variation of respiratory rates is 
however rather wide in each pulse group. A thorough examination 
of the correlation between the capacities determined with either 
method, reveals that those cases which have greater differences 
between the methods belong to the pulmonary groups. They have 
by respiratory rate analysis a lower capacity than by pulse rate 
analysis. Table 23 shows the distribution of capacities. 

TABLE 24. The connection between working capacity and ven- 
tilation coefficient. A according to pulse rate, B to respiratory rate 
analysis. C according to pulse and respiratory rate analysis. 


Working 

capacity 

j Number of cases with vent, cocff. 

! <22.r. 1 22.5—24.4 >,24.5 

A. 300 


1 

1 

1 

GOO 

10 

8 

11 

000 

! 71 

12 

21 

> 1200 

1 191 

12 

10 

B. 300 

, 

' 1 


1 

GOO 

1 2 

2 

3 

900 

; 17 

5 : 

17 

1200 

123 

7. 

6 

C. 300 



1 

GOO 

i 3 

3 

3 

900 

' 37 

4 

18 

1200 

i 102 

7 

4 


In a study on noimal subjects Szakall (1944) found that the ventilation 
coefficient at heavy work was above 24 when the subjects had a poor working 
capacity. 

When ventilation coefficients are correlated to working capacities no 
definite relation appears in this material. Table 24 shows that high coefficients 
seem to indicate low capacities, whereas low coefficients arc connected with 
both high and low capacities. High values of the ventilation coefficient may 
thus indicate poor working capacity, but » normal® values cannot be used as 
indicators. 
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3. Survey of results regarding working capacities 
in the various groups. 

In group 1 no one had a working capacity above 900 kg-m/min. 
13 cases had mitral valvular disease, the remainder aortic diseases 
and all but one were compensated at rest. Case 142, with the 
least working capacity (300 kg-m/min), was apparently just on 
the limit of decompensation. The three aortic cases had capacities 
of 900 kg-m/min. No correlation between heart volumes per 
square meter body surface and working capacity is found. The 
number of cases in this group are however too few for definite 
conclusions of such correlation. The heart volume was not deter- 
mined in one case, and in the others all but one showed volumes 
above 450 ml per square meter body surface. In Fig. 6 the reac- 
tions of a typical heart case are shown (Case 189). 





Fig. 6. Pulse and respiratory rates , ventilation coefficient and oxygen con- 
sumption at the various loads in a case of rheumatic valvular disease. 
Signs as in Fig. 5, p. 58. 


In group 2 there are 2 cases (101 and 187) with coarctation of 
the aorta (both having a working capacity of 900 kg-m/min), 
5 cases with septal defects (one case 300 kg-m/min, one 600, one 
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900 and two cases 1200 kg-m/min), and 4 cases with patent ductus 
arteriosus (two cases 600 kg-m/min and two 1200 kgm-m/min or 
more). There is no definite correlation between working capacity 
and heart volume among these few cases. The largest hearts 
(490—560 ml pr square meter body surface) were found in 3 
cases with septal defects. The cases with patent ductus arteriosus 
showed normal heart volumes. 


In group 3 there are 5 cases suspected of septal defects (3 having 
working capacities of 900 and 2 of 1200 kg-m/min) and 3 cases 
suspected of patent ductus arteriosus (one having 900 kg-m/min 
and two 1200 kg-m/min). The cases in group 3 showed normal 
heart volumes. 


In group 4 all but 9 cases had heart volumes below 450 ml 
per square meter body surface. The configurations of the enlarged 
hearts were however not definitely consistent with valvular 
disease. The largest heart volumes were not connected with ab- 
normal working capacity. 


Of the cases with moderate hypertension in group 5, one half 
have normal capacities, but no correlation is found to blood 
pressure, x-ray or electrocardiographic findings. 


In group 6 cases with acute myocarditis as well as suspected 
cases are included. Some cases are only slightly suspected. 4 cases 
in this group have no definite suspicion of myocarditis but had 
infection of the upper respiratory system. These 4 cases had 
abnormal working capacities. In general working capacity is cor- 
related to the severity of the symptoms. No patient with acute 
myocarditis was tested in the most acute stage of disease. 

No reasons for enlargement of the heart have been discovered 
for the patients in group 7. In some cases hypertension could be 
suspected, but the blood pressure values were not abnormal at the 
time of examination. 24 cases had heart volumes of 460 — 500 ml 
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per square meter body surface. In 8 of these cases (cases 4, 98, 
103, 150, 227, 285, 290, 367) the increased heart volume was 
caused by enlargement of the left ventricle; 3 of these 8 cases 
(4, 98, 150) had a working capacity of 900 kg-m/min, and the 
rest had 1200 or more. Of the remaining 16 cases in this heart 
volume group, 5 had a working capacity of 900 kg-m/min, and 
11 of 1200 or more. One case with a heart volume of 550 had a 
working capacity of 1200 kg-m/min. 

In 4 cases with heart volumes of 560 — 600 ml per square meter 
body surface, 3 had a working capacity of 1200 kg-m/min or 
more (2 were suspected of hypertension, 277, 329), whereas one 
had 600 kg-m/min. This last case (113) showed a slight suspicion 
of having had a myocarditis. 

It is concluded that a heart volume above normal need not 
necessarily be accompanied by a definitely abnormal working 
capacity , at least not at some periods of the » disease ». 

Group 8 contains cases with electrocardiographic abnormalities. 

a) Disturbance of atrioventricular conduction (7 cases). 

b) Disturbance of intraventricular conduction (7 cases). 

c) Pre-excitation (WPW electrocardiogram) (2 cases). 

d) Signs of coronary insufficiency (9 cases). 

e) Signs of orthostatic reaction (signs of »coronary insufficiency» 
in standing position) (4 cases). 

a). 2 cases had marked prolongation of the PQ time (0.24 sec), 
one of which (214) showed abnormal working capacity, PQ time 
after work was prolonged but varying. One of the cases was 
tested after administration of atropine subcutaneously, and had 
practically normal values. 3 cases had moderately prolonged PQ 
time (0.21 — 0.24 sec), 2 of which showed normal values after 
work, whereas one was unchanged. All had capacities of at least 
1200 kg-m/min. 

The remaining 2 cases had no PQ prolongation at rest, but after 
work the PQ time was somewhat prolonged; in one case with a 
working capacity of 900 kg-m/min from 0.18 to 0.20 sec, in the 
other Avith a capacity of above 1200 kg-m/min from 0.20 to 0.21 
sec. This last difference is not however quite reliable as it falls 
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within the error-limits of the apparatus. But as a rule the PQ time 
in healthy subjects is usually some hundredths of a second shorter 
after moderate work than at rest. 

In addition, 4 athletes in group 16 had abnormal PQ values. 
As they were otherwise normal at the examination and had no 
heart trouble they were not excluded from group 16, and will 
therefore be discussed with that group. 

b) . 6 cases with slight signs of intra-ventricular conduction 
disturbance (QRS>0.10 sec., notching of QRS) all had normal 
working capacity except one (600 kg-m/min). One case with 
intraventicular block of the Wilson type had normal working 
capacity. 

c) . One case had a working capacity of 600 kg-m/min, the 
other was normal. 

d) . These cases had one or more of the following electrocardio- 
graphic abnormalities and usually subjective symptoms of coro- 
nary insufficiency, low or inverted T-waves or depressed ST- 
intervals. One case (45) was discovered at a hypoxemia test with 
9 % oxygen, and one had signs only after work. 

An abnormal working capacity was found in 6 of the 9 cases 
in this group (4 having 900 kg-m/min, one 600 and one 300 kg- 
m/min). This last capacity (300 kg-m/min) was not founded on 
pulse or respiratory analysis; the man had to stop because of the 
sudden developement of heart pains after a short period of work 
at 600 kg-m/min. This constitutes a functional test for patients 
with anginal symptoms. Their working capacity is limited by 
other factors than cardiac output or ventilation. Nevertheless the 
point of non-ability can be determined and indicates the working 
capacity. 

e) ; 2 of the cases with orthostatic reaction showed working 
capacities of 900 kg-m/min. The others were normal. 

Group 9 contains cases that had no symptoms or diagnoses that 
could place them in another group. 2 cases had signs of slight 
hyperthyroidism; they both had capacities of 900 kg-m/min. 16 
cases were of the leptosome body type, all having abnormal work- 
ing capacity; 10 cases 900 kg-m/min and 6 cases 600 kg-m/min. 
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Only 2 of them showed signs of muscular fatigue at the highest 
load performed. In one of the cases slight signs of orthostatic' 
pulse reaction appeared, the same was found in another case in 
group 9 with normal body type. These last cases both had working 
capacities of 900 kg-m/min. 

In the remaining 22 cases of this group with abnormal working 
capacity, nothing was found that could explain the apparently 
reduced ability to work. If the possibility that they have some 
undiscovered heart or lung disease is excluded, the only explana- 
tion is that they are constitutionally less capable. In the group 
of ordinary healthy subjects (14), a few had working capacities 
less than 1200 kg-m/min. Group 9 cannot however be regarded 
as a group of »normal» subjects, as the difference between the 
groups with respect to the percentage of cases having capacities 
less than 1200 kg-m/min is 47.8 + 7.9 % when calculated from 
pulse curve analysis. The difference based on pulse as well as 
respiratory rate analysis is 39.2 + 17.5 °/o. 

It should be mentioned here that the correlation coefficient bet- 
ween body weight and working capacity determined for the total 
material is 0.28+0.04 and thus definite, but the influence of 
pathological factors plays a role. The correlation coefficients in 
groups 9, 14, 15 and 16 are however of the same magnitude 
(Table 25, Fig. 7). 

TABLE 25. The connection between body weight and working 
capacity estimated according to pulse rates. 


Body 

weight 

Working capacity 

Body 

weight 

Working capacity j 

M 

s 

n 

M 

s 

n 

50 

1000 

120 

7 

85 

1320 

130 

23 

55 

890 

90 

23 

90 

1310 

130 

11 

60 

1060 

130 

64 

96 

1280 

171 

4 

65 

1090 

110 

101 

100 

1440 

150 

* 6 

70 

1160 

110 

93 

105 

1400 

210 

3 

76 

1180 

120 

83 

110 

.1500 


1 

80 

1300 

110 

41 






r = 0.28 + 0.04 

F= 

***3.69 
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Fig. 7. The connection between body weight and working capacity. Mean 
values of working capacity for classes of body weight with regression line. 


The pulmonary cases included in group 10 have signs of heart 
disease, although the subjective symptoms were not very impres- 
sive. The majority were suffering from hypertension of moderate 
degree connected with electrocardiographic symptoms of coronary 
insuffiency and enlarged heart volume. Some cases showed en- 
larged hearts suspected of hypertension, but no increased blood 
pressure at the time of the examination. A few cases had only 
moderately enlarged hearts, one a bundle branch block, and one 
prolonged PQ time at rest but normal after work. The working 
capacities show a fairly high percentage of values below 1200 
kg-m/min, with pulse as well as respiratory analysis. 

In groups 11 and 12 the working capacities are distributed in 
about the same way, with a lower percentage of abnormal cases 
in group 11. 

Typical reactions of a case with emphysema are shown in Fig. 8. 
(Case 364). 

There is no clear cut' correlation of working capacity with the 
ratio of residual air to total capacity of the lungs or with vital 
capacity. But the highest residual air ratios (above 45 %) and the 
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ween those of groups 11 and 12. The vital capacity values in 
group 13 were, with a few exceptions, apparently normal (the 
lowest value was 3.2 liters). The number of lung cases in this 
investigation is too small for definite conclusions of the influence 
played by various pathological findings of the lungs upon working 
capacity. 


In the group of athletes (16) some cases with objective signs of 
heart abnormalities are included. They had not complained of 
any troubles at training or work and were discovered at routine 
examinations at the Health Control Station for Athletes. 4 cases 
showed prolonged PQ time at rest (141, 218, 450, 469). Case 141 
0.30 — 32 sec; after the test 0.26 — 27 sec. Case 218 0.21 — 25 on 
various occasions; after work 0.21 — 22. Case 450 at the routine 
examination 0.30 — 35 sec, at the time of the working test 0.18 — 20; 
after work 0.16 sec. Case 469 at one routine examination showed 
atrioventricular block II with PQ 0.20 — 24 (pulse rate 40), 5 
months earlier he had a PQ time of 0.17 (pulse rate 50 — 55). At 
the working test some days after the AV block II had been disco- 
vered he showed normal PQ time (0.16, pulse rate 55 — 60; after 
work 0,16), 

There was no reason to believe these men to have actual heart 
disease, and subsequent controls did not reveal any signs of disease. 

One case (451) had on one occasion nodal rhythm (sino-auricular 
block?). Case 1 had pre-excitation electrocardiogram with nor- 
malization after work. Case 202 showed a difasic T-wave in 
standard lead I, the importance of this is difficult to estimate. 
The man was a cycle champion and still is. 

Case 209 was a man with no subjective symptoms but with 
definite hypertension and slight enlargement of the heart. He has 
however at the time of the test been regarded as more athlete than 
hypertensive and is thus included in group 16. 

I group 16 there are 4 cyclists and 4 swimmers. The majority 
of the remainder consist of middle and long distance runners and 
ski-runners. Apparently no marked differences exist in the reac- 
tion at work between subjects performing different types of 
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athletics. The best performance observed in this investigation 
was found in case 459, a 5000 m champion, who worked up to 
2400 kg-m/min without any signs of fatigue or insufficiency. The 
reactions of another very able athlete (465) are shown in Fig. 9. 


o 



Fig. 9. Pulse and respiratory rates, ventilation coefficient and oxygen con- 
sumption at the various loads in an athlete. Signs as- in Fig. 5, p. 5S. 

The subjects in group 16 were in various degrees of training, a 
few of them should perhaps have been regarded as ordinary 
healthy subjects at the time of testing, but they had all had some 
connection with athletics. 

The distribution of working capacities in groups 1, 6, 14 and 16 
is shown in Fig. 10. 

From the present material no definite conclusion can be drawn 
as regards the influence of age upon working capacity. An exa- 
mination of that relation should be based on a large number of 
healthy individuals who are homogeneous with respect to state 
of training and body type. 
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VII. Conclusions. 


"When work is performed by normal subjects the reactions of 
several factors are well defined in any one individual. By studying 
these reactions at work of varying degree it is possible to get a 
general view of the type of variation in physiological functions. 
In non-healthy subjects the reactions are generally speaking only 
quantitatively different from healthy subjects. 

At work equilibrium is maintained as long as the oxygen trans- 
port apparatus is capable of supplying the working muscles with 
sufficient amounts of oxygen, and muscular fatigue does not occur. 
When the muscles are not adequately supplied with oxygen, it is 
not possible to work for any length of time. Oxygen supply to 
the muscles is adequate as long as pulmonary ventilation still 
maintains a sufficient supply of oxygen to the blood and when at 
the same time cardiac output is such that sufficient amounts of 
oxygen can be brought to the muscles. The circulatory and pul- 
monary factors can limit oxygen supply independently of each 
other. 

It has been stated (1) that working capacity for practical use 
should be defined as the maximum working intensity consistent 
with steady state , (2) that the working intensity must be controlled 
by oxygen determinations if the type of work used for different 
persons does not give about the same efficiency , (3) that functions 
studied must be placed in relation to oxygen consumption, not to 
factors having no direct connection with working intensity, and 
(4) that the working intensity must be increased to, or nearly to, 
the maximum ability. 

The results obtained verify the assumption that bicycle ergo- 
meter work is a type of work well suited for examination of 
working capacity in a simple manner, as the working intensity 
can be used for approximation of the oxygen consumption. How- 
ever, some subjects showed oxygen values that apparently were 
not adequate at higher loads, probably due to inability to increase 
the cardiac output. These subjects were too few to influence the 
over-all results to any extent. In this respect it may be considered 
more advantageous to replace oxygen consumption by working 
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intensity. The oxygen consumption values of the pulmonary 
groups were low but did not significantly differ from those of 
other groups (Tables 2 and 3). It is of course possible to use other 
types of work for working tests but then oxygen consumption 
must be determined for control of working intensity. 

In contrast to the uniformity of oxygen consumption between 
the various groups, there appeared differences in pulse and respi- 
ratory reactions (Tables 7, 14 and 17). Pulmonary cases showed 
marked signs of the latter, whereas heart cases showed signs of 
both. In general the circulatory and pulmonary responses to work 
are found to be approximately parallel, except in some lung cases 
where respiratory reactions predominate (Tables 22 and 23). 

The results obtained show the importance of making working 
tests with varying and sufficiently high loads, and with reference 
both to circulatory and respiratory functions. Isolated factors 
such as vital capacity, residual air ratio, heart volume, blood 
pressure, or various electrocardiographic abnormalities do not 
necessarily give any information of the working capacity. For 
instance, an individual having a large heart may have an appa- 
rently normal or even hypernormal capacity. Nothing can, how- 
ever, be said about future tendencies. One test does not give any 
information of a possibly declining working ability. It may con- 
sequently be necessary to make, repeated tests for the proper 
understanding of the functional importance of clinical findings. 
This is especially obvious when considering patients newly reco- 
vered from rheumatic fever. 

There are at least three possibilities to explain why the clinical 
findings may not be correlated to working capacities, (a) The 
capacity is not in any way influenced by the »disease». (b) Those 
cases having low capacities but slight clinical signs may possibly 
have been influenced by the »disease», but may have had poor 
working capacities before the clinical signs appeared, (c) Cases 
with marked signs but with normal or hypernormal working capa- 
city may before the beginning of the disease have had still higher 
capacities. 

• A working test can be used as a control of the subjective symp- 
toms. When a person states that he cannot perform the slightest. 
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work without breathlessness and palpitation, and nothing is found 
at the usual examination, the working test showing a capacity of 
at least 1200 kg-m/min, corresponding to an oxygen consumption 
greater than 2 liters per minute, something must be wrong — but 
apparently not with physical working capacity. 

As discussed before it is impossible to speak of one normal 
working capacity. In this investigation 1200 kg-m/min was taken 
as the normal capacity, or rather, the basis for comparison. The 
capacities of those subjects in group 9 with leptosome body type 
seem to indicate that under special conditions 900 kg-m/min may 
be »normal». In addition the cases with slightly reduced working 
capacity in the normal groups 14 and 15 had low weight in rela- 
tion to height. Generally there is a tendency to lower working 
capacity with decreasing body weight. 

It can however be concluded that a working capacity of 1200 
kg-m/min is high enough to exclude more severe heart or lung 
affections which may influence working capacity at the time of 
the examination. A working capacity in men of 600 kg-m/min 
is obviously abnormally low. For a capacity of 900 kg-m/min it 
is more difficult to draw definite conclusions. It may be necessary 
to consider body type, daily occupation, and whether the person 
has practised athletics or not. 

The usefulness of the working test employed can be summarized 
as follows. 

(1) The working capacity can be estimated quantitatively , thus 
permitting guidance for occupational purposes or control of 
changes in the clinical state of a patient. 

(2) The reliability of subjective symptoms can be controlled. 

(3) Contribution to differentiation between relative heart and 
lung insufficiency. 

It is however not possible to draw definite conclusions of the 
cause of a reduced working capacity. 
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SUMMARY 


1. Earlier investigations on functional tests are briefly reviewed 
and criticized. 

2. A standardized working test based on bicycle ergometer work 
with increasing loads is introduced. 

3. The investigation covers patients with various diagnoses or 
symptoms of heart or lung diseases and ordinary healthy sub- 
jects as well as athletes. 

4. Oxygen consumption and thus the mechanical efficiency of 
different individuals in bicycle ergometer work was shown to 
be fairly uniform. 

5. Oxygen consumption in itself does not usually indicate the 
working capacity. 

6. Ventilation of the lungs is shown to be unsuitable for determi- 
nation of working capacity. 

7. Pulse and respiratory rates are the most suitable indicators of 
working capacity. 

8. The importance of determining working capacity for the pro- 
per understanding of clinical findings is demonstrated. 
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APPENDIX 




APPENDIX 


Primary material. 

Key to table-headings. 

Resting determinations. 

a Age, years, 
b Body weight, kg. 
c Body height, cm. 
d Pulse rate, 
e Respiratory rate, 
f Vital capacity, liters. 

Residual air 

g ~ — : — %>. 

Total capacity 

Determinations during work at 300, 600 etc. kg-m/min. 

1 Pulse rate after 6 minutes. 

2 Respiratory rate. 

3 Ventilation coefficient. 

4 Oxygen consumption, ccntilitcr/min. 

') The subject is not working at an adequate rate. 

Working capacity, work load divided by 100. 

5 According to pulse rate. 

6 According to respiratory rate. 
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Preface 


When the present investigation was started, clearance tests 
were relatively unknown in clinical practice. The work was 
made more difficult and retarded by the conditions of war, 
since among other disadvantages, satisfactory reagents could 
not always be obtained. Now that the results can finalty be 
published, these tests are still far too little known and the 
writer therefore made a closer analysis of their clinical use 
in order to contribute to our knowledge of them. 

Thus the present investigation, started in the autumn of 
1911, is a survey of the results achieved by the writer in the 
gSludv of some of the most common renal disorders within the 
scope of internal medicine. In addition to actual renal disea- 
ses, essential hypertension — with and without symptoms 
from the kidneys — has been included in order to throw some 
light on the diagnostic and prognostic possibilities afforded 
by the clearance tests. 

During the course of the work it appeared to be of special 
interest to make some study of the reserve capacity of the 
kidne\- and of those questions correlated with the regulation 
mechanism in damaged kidneys. The writer therefore in- 
vestigated a small number of cases with one functioning kid- 
ney, due either to nephrectomy or to some other cause. 

In order to be able to complete the investigations, I applied 
for an appointment at the Medical Clinic of the University 
Hospital in Upsala, and have been working there since 1944. 
The material on which the investigation is based is collected 
entirely from this Clinic during the years 1912— 1948. From 
1942 to 194G, the Physician-in-Chief was Professor Gustav 
Bergmark, my clinical teacher during my medical studies 
and thereafter my first Chief. From every point of view my 
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debt of graLitude to him is considerable. He has been not 
only the model clinician and teacher, ever ready to help and 
guide the inexperienced, but also — and often unobtrusively 
— he has smoothed my path and encouraged my work in 
every, way. For all this and for his faithful and unfailing 
friendship I wish to thank him. 

My warm thanks are also due lo my present Chief, Profes- 
sor Erik Ask-Upmark. As Head of the Clinic since 1946 . 
when the greater part of the clinical work was already 
accomplished, he has facilitated its completion in every way. 
Owing lo his extensive knowledge of the diseases treated, to 
which he himself has devoted much interest, my discussions 
with him have been extremely profitable. I also wish to 
thank him for the years during which I have had the ad- 
vantage of being his assistant at the Clinic. 

It is my pleasant duty lo express my thanks lo Professor 
Jan Waldenstrom, Head of the Institute of Theoretical Medi- 
cine in Upsala, for his long-standing friendship and for 
all the valuable discussions due to his incentive. He has' 
always shown great interest in my problems and taken time 
lo appreciate them. 

For the statistical treatment of the material I turned lo 
the Swedish State Institute of Human Genetics and Race 
Biology and to its Chief, Pi’ofessor Gumiar Dahlberg. Not- 
withstanding his considerable daily burden of work, he de- 
voted himself to my work and my problems in a manner 
which have earned my deepest gratitude. He has given me 
much valuable advice regarding the disposition and the plan- 
ning of the paper. His interest lias always been vital and 
personal and my appeals for help have never gone unan- 
swered. I am deeply indebted to him for his generous assist- 
ance and for mairy inspiring discussions. 

I wish Lo thank Professor Gunnar Blix for allowing me 
lo work at the Inslilute of Medical Chemistry and for all 
his valuable advice and encouragement in elaborating the 
technique for the iodine determinations. My thanks are also 
due to Professor Torsten TeoreJl for discussions concerning 
certain physiological matters. 
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I wish lo convey my lluinks to my friend Laboralor Anders 
Gronwall, M.D., for his great interest and help during the 
investigation. During my work in the Central Laboratory he 
has placed all its resources at my disposal and facilitated my 
work in every way,. I also wish to thank him for his personal 
interest and for many profitable discussions. 

The Misses Mirjam Brannslrdm and Gerd Ericson, labora- 
tory nurses, have carried out the main part of the chemical 
analyses and had charge of the practical performance of 
the clearance tests. The statistical calculations were carried 
out mainly by Mrs. Martha Bume and Mr. Bo Kjessel. They 
all performed their work in an exemplary and accurate man- 
ner and I lender my thanks for their valuable assistance. 

I wish lo thank Mrs. Erica Odclberg who translated the 
paper into English with care and rapidity. 

Grateful acknowledgement is also made for financial grants 
from the following institutions: The Swedish Society for 
Medical Research, the Foundation »Therese och Johan An- 
derssons Minne», King Guslaf Y’s Jubilee Fund, the Regnell 
Foundation, the Scandinavian Insulin Foundation and the 
Swedish State Funds for Promoting Medical Research. 

Last but not least I wish lo thank Consul-General Gunnar 
Carlsson, Gothenburg, who during the most difficult war 
years helped a physician entirely unknown to him lo obtain 
certain reagents bv means of convoy boats. Without these 
my work would have been interrupted for several years. 

Upsala, October 1918. 


Ollc llogcman. 




CHAPTER I. 


SURVEY OF THE LITERATURE 
Normal Renal Function 


Tlie quantitative measurement of renal function has only 
comparatively recently been studied. 

The nephron was realized to be a complete unit only when 
B o w m a n in 1842 discovered that the glomeruli are in di- 
rect connexion with the tubules and investigated the blood 
supply from the former to the latter. Bowman’s theory con- 
cerning renal function, later elaborated by Ileidenhain 
(1874) assumed a secretion of the majority of the compo- 
nents of urine from the tubules, whereas water and a number 
of salts, e.g. sodium chloride, are secreted in the glomeruli. 
In opposition to this so-called »vilalislic» theory we have 
that expressed bj r Ludwig (1844) and later by C us liny 
(1917) and Rehberg (1926) of filtration and reabsorplion. 
Ludwig already put forward the hypothesis that a simple 
filtration of plasma together with the substances dissolved 
in it look place in the glomeruli, whereas the protein was 
retained and the final urine formed in the tubules t> 3 r the 
majority of the filtrate being reabsorbed by simple rediffu- 
sion. C us liny’s and R eh berg’s investigations afford proof 
that this latter process is not so simple but actually involves 
both diffusion of certain substances such as urea, and active 
reabsorplion of others, as for example chloride, glucose and 
in general those designated with the term » threshold sub- 
stances*. Furthermore, it has been shown through later in- 
vestigations li}' American workers that an active secretion 
from the tubular cells lakes place under certain conditions 
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(E Isom, BoLL and Shicls 1936, Shannon 1935, Smith 
1937, and olhers). 

Our p rcsen L concepLion of renal function can lie sum- 
marized briefly as follows: a) ulLrafillralion in the glomeruli 
of a prolcin-frec solution containing alL the substances freely 
dissolved in the plasma in the same concentration as in the 
plasma with the exception of the small difference due to the 
Dohnan effect. 

b) active rcabsorplion in the tubules of the larger part of 

this filLrate, i.e. water and other substances necessary for 
metabolism or for Lhe maintenance of the electrolyte balance 
in the body r . i 

c) passive redifl'usion of certain substances through the j 

tubules, this diffusion being entirely dependent on the degree 
of concentration of the respective substance in the tubudar 
urine and on its diffusibilily. ! • 

d) active secretion through the tubular cells of other sub- 
stances, either normally present in the plasma ^r artificially 
administered. 

e) a synthesis of certain substances in the kidney. 

Glomerular Filtration • ) 

) 

) m 

Ludwig’s and Cushny’s hypothesis of glomerular fillrdtion 
was first confirmed by the investigations of Wearn and 
Richards (1924). They were able to demonstrate in punc- 
tales from the glomeruli or the frog that protein is lacking 
but that chloride and glucose are present in approximately 
the same concentrations as in the plasma. Using the same 
method, it was later shown that the concentrations of urea 
(Walker and Elsom 1930) inorganic phosphate and re- 
ducing substances (Walker 1933, Walker and Rei- 
singer 1933) are identical in the plasma and in the content 
of the glomerular capsules of the frog. Bordley and 
Richards (1933) and Bordley, Hendrix and Rich- 
ards (1933) demonstrated the presence of creatinine and 
uric acid in the fluid of the glomerular capsule of the frog. 
The electrical conductivity in the glomerular punctate, in the 



3 


blood plasma and in the artificial ultrafiltrate from the blood 
plasma of the frog and Neclurus maculosus were also de- 
monstrated to be identical (Bayliss and Walker 1930) 
as well as the total molecular concentration (Walker 1930, 
White 1932). Ekehorn (1931) was of the opinion that 
the »prolein proofs described by him was an incontrover- 
tible proof of the actual occurrence of ultrafiltralion. In in- 
juries to the glomerular membrane the protein is filtered 
by an entirely passive process. This process is, for example, 
extremely strong in the glomerular capsule in definitely dead 
kidneys and usually increases with the degree of artificial 
injury to the glomerulus. A purely passive filtration of pro- 
tein in the glomerulus nevertheless enlirclv excludes all secre- 
lion of water and salts in it. Ekehorn (193S) writes: >Tf 
two fluids, as is the case in the glomeruli, are onty separated 
by a membrane less than ljx thick, and if this membrane even 
allows the passage of extremely large protein molecules, there 
cannot possibly exist any secretory difference between the 
two fluids. Should the membrane cells nevertheless endea- 
vour to secrete more or less fluid than corresponds to an 
ultrafiltralion, or to secrete a fluid of another composition 
than that of an ultrafiltrate with regard to the diffusible 
substances, this difference must necessarily be evened out 
already in slain nascencli owing to diffusion and osmosis 
through this extremely permeable membrane. Thus, both as 
regards quantity and composition, the protein-containing glo- 
merular fluid has the nature of a filtration product from the 
blood.» 

: Further support for the occurrence of filtration in the 
glomeruli is given by Marshall and Grafflin (1928). 
In their investigations of the urine of aglomerular fish they 
were able to ascertain that these were incapable of excreting 
ferrocyanide or glucose, the latter not even after intoxication 
with phlorhizin. 

1 All the forementioned investigations were carried out on 
amphibia. The question then arises: is there no corresponding 
direct evidence that the same filtration process occurs in 
mammals and in man? Direct evidence is rare. Starling 
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aucl Vcrney’s experiments (1925) with artificially perfused 
kidneys point towards ultrafiltralion but are scarcely con- 
clusive. B a y 1 i s s, Ker ridge and Russell (1933) de- 
monstrated that the glomerular membrane in the cat, the 
rabbit and the dog is permeable for molecules with a mole- 
cular weight below 70,000, thus what could be expected of a 
semi-permeable membrane. Other evidence is of a more 
indirect nature, consisting partly of conclusions drawn from 
comparative anatomical investigations of the structure of the 
glomerulus in various species and partly from results of 
so-called »clearance» determinations. 

The term # clearance# was introduced by Holler, Mc- 
Intosh and Van Slyke (192S) as a measure of the ability 
Of the kidney to excrete urea. Clearance was defined by them 
as »lhe volume of blood which one minute’s excretion of 
urine suffices to clear of urea#. The interpretation of clea- 
rance lias later been widened to include the expression of 
the excretion of various substances and can thus, according 
to Smith (1937) be defined as »tlie minimum volume of 
blood required to furnish the quantity of substance excreted 
in the urine in one minute’s times. 

Several factors influence the effeclivily of the kidneys. 
Clearance may be said to be a method of expressing the 
effect with regard to the concentration in the plasma. In- 
lead of stating how much is excreted per minute in grammes, 
we stale how much plasma this quantity corresponds to in 
regard to the concentration in the plasma of the substance. 
Obviously, a certain quantity of plasma is not absolutely, 
cleared of the substance. Such a clearance is only assumed 
for the sake of convenience. 

If a substance existed that was freely soluble in plasma 
and entirely filfrable ■ and which, during further passage 
through the tubules was not reabsorbed or any of the sub- 
stance secreted through them, that, quantity of the substance 
that was excreted in the bladder urine in one minute would 
be equal to the quantity filtered in the glomeruli during the 
same lime and its clearance would be equal to the volume 
of the filtrate. 



These clearance investigations have had considerable im- 
portance in determining whether filtration actually lakes 
place in higher animals and in man. Several workers (Rich- 
ards, Westfall and Bolt 1935, 1936, Shannon 1935. 
Van SI y k e, IT i 1 1 e r and Miller 1935) have demonstrated 
that the clearances for inulin, creatinine and ferrocyanidc 
are identical in the dog, inulin and creatinine identical in 
the rabbit (Kaplan and Smith 1935) and sheep (Shan- 
non 1938) and in anthropoid apes following intoxication with 
phlorhizin (Smith and Clarke 1938) and inulin, soi'bilol 
and mannitol identical in man (Smith, Finkel stein 
and Smith 19-10). After phlorhizin intoxication, glucose, 
xjdose and creatinine show equal clearances in man (Shan- 
•no n and Smith 1935) and the figures are approximately of 
the same order of magnitude as for inulin, sorbitol and 
mannitol. 

The probability that these substances are handled uniformly 
by the kidimy is naturally far greater than that they are 
excreted by separate mechanisms and that the clearance 
figure is nevertheless the same. According to our present 
knowledge, inulin fulfills all the criteria of an ideal test- 
substance suitable for filtration determinations (v. p. 31) 
and it has therefore been possible to determine the rate 
of glomerular filtration. Figures varying between 120 and 
145 ml per minute are slated as normal for persons with 
health}' kidneys (Smith 1937, Joseph son and Lindahl 
1943, II o g e m a n 1943). Moreover, these figures are in good 
agreement with those that can be expected from comparative 
anatomical investigations and calculations of the amount of 
filtrate per gramme of kidney weight which has been found 
to be approximately similar in all animal series. Strangely 
enough, these calculated filtration rales lie almost exactly at 
the level calculated by Ilcidcnhain (1SS3) as necessary 
if the filtration theory were correct, figures that he considered 
to be a more incontrovertible proof than any other of the 
absurdity of the whole theory! 

The possibility of such a large filtration per minute was 
demonstrated by Roll berg (1926) amongst others. On the 
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basis of Vim Imp’s calculalions, published later (1928), 
of the number of glomeruli in the kidneys in man (2,000,000) 
and of the filtrating surface (1.56 m 2 ) he came to the conclu- 
sion that a filtrate of the order of magnitude of 120-125 ml 
per minute is fully credible. Similar calculations were also 
made by Eke liorn (1938) who came to approximately the 
same result. According to Smith (1937) this corresponds 
lo about one drop per second through a filler surface of 
20x20 cm. , 

Arc such forces available that can perform an ullrafillra- 
tion? Ludwig, as early as 184-1, considered the blood 
pressure lo be a sufficient' source of energy and this has 
been confirmed in later investigations by Starling and 
Ycrney (1925), Hay man (1927) and Win ton (1931b) 
amongst others. The pressure in the glomerular capillaries 
is approximately two-thirds of the arterial pressure and Ibis 
is counteracted by the colloid-osmotic pressure, 25-30 mm 
and the inlracapsular pressure, approximately 5-10 mm 
(Best and Taylor 1937). The effeclive filtration pressure 
in man would thus be approximately 30-40 mm Hg at normal 
blood pressure. By decreasing the blood pressure or by in- 
creasing the urethral pressure it has been possible lo affect 
experimentally the volume of filtrate (D reycr and Verney 
1923, W in ton 1931 a). 

Direct examination of the glomeruli of the frog has 
shown that only a certain number function simultaneously 
(Richards and Schmidt 192-1, Ekchor n 1931, O k ke 1 $ 
1930). It is obviously impossible to perform similar direcl 
investigations in mammals and in man, but there is reason 
to suppose that the conditions differ and that the volume 
of the filtrate is kept fairly constant. Small variations in the 
blood pressure and the colloid-osmotic pressure are regulated 
by means of tonus changes in the efferent arterioles which 
in this way endeavour to assure a constant filtration pressure 
(C basis, Ranges, Goldring and Smith 1938, Sch roe-7 
dcr and Steele 1939). Greater changes' in the blood pres- 
sure cannot, however, be entirely compensated b.v this mecha- 
nism, which nevertheless carries out a compensation . as 
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far as is possible by an increase in the so-called filtration 
fraction (F.F.), i.e. Ihc percentage of plasma that is filtered 
in the glomeruli (Smith 1913, Mobergcr 1945). Varia- 
tions in the blood flow of the kidney are not always mani- 
fested in changes in filtration rate owing to the fact that 
tonus changes occur in the afferent or efferent arterioles. 
A decreased blood flow can, for example, be associated with 
an increased tonus in the efferent arterioles, resulting in a 
higher filtration pressure, an increased filtration fraction and 
an almost constant filtration rate (Smith 1913). 

Tubular Reabsorption and Diffusion 

In its passage through the tubules the glomerular urine 
is concentrated to 9S-99 per cent. This process was con- 
sidered by Ludwig (IS 11) to be a mere diffusion, but later 
workers have shown that the process is more complicated. 
Wcarn (1922) demonstrated that a reducing substance 
occurred in the glomerular urine of Ihc frog following in- 
jection of glucose but that the bladder urine remained free 
from it. Mayrs (1923) found in rabbits, whose tubules had 
been rendered incapable of function by means of phlorhizin, 
that glucose appeared in the urine in approximately the same 
concentration as sulphate — which he considered to be freely 
filtrablc but not subject to tubular reabsorplion — but in a 
higher concentration than urea. He concluded that glucose 
could no longer be reabsorbed, whereas some urea could be. 
Reh berg (192G) investigated the excretion of urea and 
chloride and came to the conclusion that urea diffuses to 
some extent through the tubules whereas chloride is actively 
rcsorbed in the proximal tubules together with some water, 
the remainder being reabsorbed more dislallv. Marshall 
and Grafflin (1932) demonstrated the same process in 
glomerular fish. On puncture of the tubules in frogs and 
Neclurus, Walker, Hudson, Findley and Richards 
(1937) found, on the contrary, that the chlorides arc reab- 
sorbed in the distal tubule, whereas the glucose is reabsorbed 
in the proximal segment. Ni and Rehbcrg (1930) also 
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studied this question and concluded that this process is 
complete at a glucose-plasma concentration below 200 nig 
per cent and shows a lower percentage rate at rising con- 
centrations. In their opinion the maximum of reabsorplion 
is governed by a »limiting factor* conditioned by the diffe- 
rence in concentration be L ween the blood and the tubular 
urine. Lundsgaard (1933 a, 1933 b) believed that the 
reabsorption of glucose depends on a phosphorylation process 
in the tubules, analogous to that postulated by Ve.rzar and 
his school with regard to the reabsorplion of carbohydrates 
through the intestinal wall (Verzar 1931, Wilbrandt 
and L a s z t 1933). According to Lundsgaard this phosphoryla- 
tion process is inhibited by plilorhizin and since this sub- 
stance is- more concentrated in the kidney than in any other 
organ, its effect is strongest there. MacKay and MacKay 
(193G) were of the opinion that a threshold for the absorp- 
tion of sodium chloride exists in the rabbit which is not, 
however, fixed but varies according to the flow of urine. 
Shannon and Fisher (1938) reinvestigated the question 
of the mechanism of glucose reabsorplion. They were able to 
demonstrate that this is limited in the dog to a certain quan- 
tity per time unit and that if more glucose is offered to the 
tubules the excess is excreted in the urine. It was also possible 
to show, by experiments with high plasma concentrations of 
glucose lasting for several hours, that this process is not sub- 
ject to »faligue» owing to continued hyperglycaemia. By ex- 
perimental^ lowering the filtration volume to 50 per cent 
and nevertheless obtaining a constant reabsorption figure, 
the forementioned writers considered that they had proved 
that the diffusion gradient between blood and urine postulated 
by'Ni and R eh berg (1930) could not cause the limiting 
of glucose reabsorplion. They put forward another theory, 
i.e. that glucose undergoes a reversible combination with 
some element in the tubular cell which is found there in 
a constant but limited amount. The subsequent decomposition 
of this complex or compound limits the rate of glucose 
transfer from tubular urine to blood. The process can be 
expressed in the formula A -j- AB -> T: r J ~ B, where A is 
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the glucose in the tubular urine, B the cell element, AB the 
complex formed and T r the glucose distal of the initial 
reaction. This theory has proved to be applicable not .only 
to glucose but to all substances having a maximal tubular 
reabsorption or secretion. 

Ascorbic acid is reabsorbed in the same way as glucose 
(Ralli, Friedman and Rubin 1938, Friedman. 
Sherry and Ralli 19-10, A 111 b or g 19-16) although prob- 
ably' not by the same mechanism. S el hurt (19-14) de- 
monstrated that on maximal reabsorption of glucose, ascorbic 
acid reabsorplion is initially totally blocked, as is also the 
case with simultaneous maximal excretion of p-amino liip- 
puric acid, and then gradually rises. Although their respec- 
tive tubular mechanisms do not mutually interfere, a simul- 
taneous maximal reabsorption or excretion of glucose and p- 
amino hippuric acid lowers the reabsorplion of ascorbic 
acid to a greater extent than cither substance separately. 
It must therefore be concluded lhaL the interference observed 
docs not depend on competition for a specific transport me- 
chanism. The cause is instead presumed to lie in the system 
that delivers energy for the transport mechanisms of the 
tubules. 

Pitts (1913) made a closer study of the renal reabsorp- 
lion processes for amino acids. He found that the amino 
acids glycine, alanine, glutamic acid and arginine arc in all 
probability reabsorbed by a common mechanism although 
with considerable variations in the rale of absorption. He 
considered this to depend on the varying speed with which 
the different amino acids are bound to some cell component 
common to their reabsorplion. 

Maximal tubular reabsorplion is nowadays generally de- 
signated in the literature by T„, (Smith, Goldring and 
C basis, 193S). This term also partly includes what 
Cushny (1917) defined as -threshold substances.) a term 
now used in various connexions. According to Barclay, 
Cook and Kenney (1917) »T m is most suitably used 
to describe the limiting rale of reabsorplion (or secretion) 
of a substance when two components only are involved 
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(either filtration and reabsorption or filtration and secretion): 
The term » threshold plasma levels is used when three coirn 
ponenls are involved (filtration and secretion-reabsorplion 
or diffusion) and the quantity of reabsorbed substance should 
then be staled per 100 ml of the glomerular filtrate. 

Our knowledge of the tubular reabsorplion of water is as 
yet ineomplele despite extensive study of the problem. Peter 
(1909) was of the opinion that the thin segment of Iienle’s 
loop is llie site of this process. This is in agreement with 
Crane’s (1927) statement that this thin segment is only 
present in species capable of producing hypertonic urine. 
W a 1 k e r and Hudson ( 1937) found, however, in their 
puncture experiments on the frog that glucose is partly 
concentrated in the proximal tubule and interpreted this as 
a water reabsorption at this site. Water reabsorption in the 
distal segment of the tubule is also probable (White 1929). 
Nowadays it is generally assumed that part of the water 
is reabsorbed in the proximal tubules and part in the 
thin segment regulated by the antidiuretic hormone formed 
in the posterior pituitary lobe. This opinion is supported by 
the observations of Heller (1940) who studied the distribu- 
tion of the anlidiuretic hormone in vertebrates and concluded 
that a certain correlation could be traced between the deve- 
lopment of Henle’s loop and the quantity of anlidiuretic hor- 
mone in the posterior pituitary lobe. 

J 

Tubular Secretion 

Marshall and Vickers (1923) and Marshall and 
Crane (1924) considered that the} r had demonstrated that 
phenol red is excreted in amphibia and mammals by tubular 
secretion and that this secretion is less when the plasma con- 
centration is high than when it is low. They interpreted this 
as a saturation of the secreting cells in the kidney with the 
substance in question. Already in 1922 Ha an showed that 
the concentration of phenol red in the urine following in4 
jection was so high that a glomerular filtrate of 56 litres per 
hour must be postulated- to explain this output. Moreover, 
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since phenol red is bound Lo the serum proteins, the results 
of the investigation were taken as a proof that the fillralion- 
rcabsorption theory must be incorrect. Marshall and 
Grafi'lin (11)32) deinonslrated the secretion of magnesium, 
sulphate, creatinine and phenol red in aglomcrular fish. The 
last-mentioned substance also showed an upper limiL in- 
dicating some limitation in the excretion mechanism (B icier 
1933). 'C h a m be rs and Kemp ton (1933) showed in in 
vilro cultures of chick tubules that phenol red is secreted 
in the interior of the tubular lumen if it is added to the 
culture medium but that it is not absorbed into the cells if 
it is injected into the lumen. Using the clearance method. 
Shannon (1935) demonstrated that in the dog phenol red 
is excreted lo a great extent by the tubules. At plasma con- 
centrations of phenol red between 0.5 and 1.5 mg per cent, 
approximately 83 per cent was excreted by secretion, whereas 
this pari fell lo 35 per cent if the plasma concentration was 
increased to JO mg per cent. lie also found an upper limit 
for this secretory capacity similar lo that for the tubular 
reabsorplion of, for example, glucose. Contrary to the latter, 
this was not affected by phlorhizin. Goldring, Clarke 
and Smith (193(5) made similar investigations in man and 
found the same results, i.c. at low plasma concentrations 
of the substance its clearance was 3.2 limes greater than the 
inulin clearance, whereas in rising concentrations a .'self- 
depression- of the clearance occurred, both absolute and in 
relation to inulin. Determinations of this maximal secretion 
in man — tubular excretory mass> (T,„) — were later 
performed by S m i l h, G o 1 d r i n g and C h a s i s ( 193S). 

In 1931 El. so m. Boll and Landis published the results 
of their investigations on the excretion of organic iodine 
compounds in the dog and in man. It was then shown that 
two of the compounds investigated, diodrasl and hippuran, 
were excreted in principle in the same manner and that 
their ‘respective clearance figures were many times higher 
than (he creatinine clearance which — at any rale in the dog 
— is identical with the glomerular filtration. This fact in- 
dicated a considerable tubular secretion of these iodine com- 
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pounds and the secretory process showed the same charac- 
teristics as those of phenol red, i.e. constant »tubular excretory 
mass® at high plasma concentrations, high clearance at low- 
plasma concentrations and »self depression® at rising con- 
centrations (Smith, Goldring and C has is 193S). In a 
later publication (1936) Elsom, Bott and Shiels con- 
firmed their observations in the dog’ on a larger material. 
They demonstrated at the same lime that the secretory process 
is not bound to the iodine molecule since the clearance for 
sodium iodide is considerably lower than that of creatinine. 
It has later been shown that other substances than organic 
iodine compounds are excreted extensively by tubular secre- 
tion (Smith et al. 1945). 

A common characteristic of all substances that undergo 
tubular secretion is that their clearance at low plasma con- 
centrations is higher than the inulin clearance and that at 
rising concentrations the clearance falls and approaches 
inulin clearance. The clearance of substances that are reab- 
sorbed or diffused through the tubules is, on the contrary', 
lower than the inulin clearance. It is a controversial question 
whether tubular secretion occurs in physiological conditions, 
i.e. if some substance normally present .in the plasma is 
excreted by' this mechanism. The majority of American 
workers (Shannon, Smith, and others) consider that 
creatinine is partly secreted by the tubules. This is energetic- 
ally' denied by' others, especially by Ekehorn (1944). This 
question is more extensively treated later on. 

Synthesis of Certain Substances in the Kidneys 

Bunge and Schmiedeberg (1876) were the first to 
demonstrate by perfusing the kidneys of dogs that hippuric 
acid is formed under certain experimental conditions, and 
that the kidney' is capable of performing this synthesis. In 
the synthesis the reactants were shown to be benzoic acid 
and glycine. If the benzoic acid enters into higher homolo- 
gues, the kidney' can also carry' out the necessary ^-oxidation 
before the synthesis (Snapper and Greenbaum quoted 
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from Bcrglund and Medes 1935). The firsL-menlioned 
wriLers could also prove on perfused human kidneys that 
lhc synthesis of hippuric acid Lakes place al this site. 

Ammonia can also be formed in the kidneys, as was shown 
b}'' Nash and BenedicL (1921). The mother substance 
for this synthesis is unanimously considered to be urea 
(Krebs 193G). As Van Sly keel al. (1935 d) and Pitts 
(1936) amongst others pointed out, this fact can be of some 
significance in calculating the clearance of urea. (v. Urea 
Clearance). Moreover, this ammonia synthesis is of tremen- 
dous importance, particularly in acidosis. The whole ques- 
tion of the role of the kidney in regulating the pH of the 
urine and the electroljde balance of Lhe body is extremely 
complicated and falls outside the scope of the questions to 
be discussed in the present paper. 


Renal Functional Tests 

In the course of years a number of methods have been 
used to investigate Die functional condition of the kidney. In 
the beginning tests were made simply to determine the con- 
centrations in the blood of such substances whose concentra- 
tion depends on renal function. The kidney, like other organs, 
has a considerable reserve of efficiency. The blood concentra- 
tion can therefore be normal although, for instance, one of the 
kidne 3 r s has been removed. Therefore, it was later found 
' more satisfactory to expose the kidne 3 r s to certain tolerance 
tests. Still later it was found advantageous to control such 
tolerance tests by taking blood samples simultaneously. On 
the basis of these approaches to the problem, renal functional 
tests can be divided into three main groups: 

A. Tests by examination of the blood or urine. 

B. Tolerance tests. 

C. Tests by means of simultaneous investigation of the 
blood and the urine (»clearance tesls»). 
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Functional Tests by Examination of the Blood or Urine 

The most important of these tests is indubitably the deter- 
mination of non protein nitrogen or of blood urea. As long 
ago as 1823, Prevost and Dumas pointed out that the 
blood urea rises after bilateral nephrectomy in animals, and 
Bright et al. (1836) noticed a rise in certain types of 
nephritis. The normal concentration of urea nitrogen in the 
blood varies according to different writers. McLean (1915) 
gives 14-23 mg per cent as the normal value, and. Myers, 
Fine and Lough (1916) 15 mg per cent as the upper limit, 
an opinion shared by Mosenlhal and Lewis (1916), 
T rum per and Cantarow (1932) and Ohlson (1940). 
Schwarz and McGill (1916) give somewhat higher 
values, i.e. 12 mg per cent as an average and only a value 
in excess of 25 mg per cent as definitely pathological. V o 1- 
hard and Bccher (1929) give 10-20 mg per cent as' a 
normal value, as do Cameron and Gilmour (1935). 
MacKay and MacICay (1927) found in their- investiga- 
tions that the value was somewhat lower for. women than 
for men, i.e. 12 and 16 mg per cent respectively and that 
a tendency to higher figures occurred with increasing age. 
The latter fact is also pointed out by Lewis and Alving 
(1938) who found an increasing rise in men over the age of 
40, i.e. from 12 mg per cent at 40 years of age to 17.6 mg 
per cent at the age of 89. 

Non protein nitrogen is used in many clinical investiga- 
tions, particularly in Germany and Scandinavia, instead of 
urea nitrogen. The normal values are also somewhat variable, 
possibly partly depending on the method of determination 
used. Foster (1913) thus gives 32.5 mg per cent as an 
average value and 44 mg per cent as the upper limit, 
whereas Folin and Denis (1913) and Tileslon and 
Comfort. (1914) give the latter as 30 mg per cent. Mo- 
senlhal and Lewis (1916) slate 35 mg per cent to be 
the upper limit and Vo 1 hard and Bccher (1929) 40 mg 
per cent. 

In consideration of the fact that the urea nitrogen is 
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•normally approximately 50 per cent ol‘ Llie non protein 
nitrogen and in retention rises more than the latter (v. Yol- 
hard and Beclier 1929), Mosenthal and Bruger 
(193-1) worked out their mirea ralio», i.e. the urea nitrogen 
as a percentage of the non protein nitrogen. The}' considered 
this »ratio;> to be a more sensitive measure of incipient renal 
insufficiency than single determinations of non protein ni- 
trogen or urea nitrogen. These simple blood analyses are 
not, however, a sensitive measure of renal function, as is 
demonstrated by the fact that fairly normal figures are ob- 
tained even in cases where one kidney is lacking if the 
other is healthy. According to Hoi ten and R eh berg 
(1929) the concentration of urea nitrogen in the plasma starts 
to rise when the glomerular filtrate falls below 100 ml/min 
and the urea shows very high values when it falls belo'w 
60 ml/min. They emphasize, however, that a normal urea 
nitrogen value does not exclude serious impairment of 
renal function. MacKay and MacKay (1927) are, how- 
ever, of the opinion that the blood urea does not begin to 
rise until the renal parenchyma is reduced to 50 per cent, 
an opinion shared by Mo Her ct al. (1929b) and Van 
Slykc et al. (1930a). 

The concentration of other substances in the blood has 
been used as a renal functional lest. Thus the creatinine 
retention is considered by some workers to have a greater 
prognostic value than non protein nitrogen or urea nitrogen 
(Volhard and Bcchcr 1929) although a parallelism be- 
tween the different figures even by this lest is not always 
obtained (Patch and Rabinowilch 192S). According 
to some statements, the concentration of uric acid in the 
blood increases earlier than that of any other substance in 
incipient renal insufficiency. This fact is, however, of less 
importance since a number of other pathological conditions 
can also result in increased concentration (Volhard and 
Beclier 1929). Johnston (1931) who investigated 30 
cases of renal disorders concluded that a normal concentra- 
tion of uric acid can occur even if 80 per cenL of the renal 
function is lost and that, when an increase in the concen- 
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{.ration of uric acid occurs, there is no relation between the 
degree of this increase and the decrease of renal efficiency. 
Wakefield (1929, 1931) is of the opinion that in incipient 
renal insufficiency inorganic sulphate increases in the serum 
earlier than urea or creatinine and he found good correla- 
tion between the increase of inorganic sulphate and decrease 
of renal function determined by urea clearance and phenol- 
sulphonphthalein excretion. Determination of amino nitrogen 
is, however, of very little importance (Kirk 1933). • 

It is as a rule impossible to obtain any true picture of 
renal function by means of chemical or physical investiga- 
tions of the urine. An exception is, nevertheless, the deter- 
mination of the maximal concentration capacity of the kid- 
neys, which will be discussed in connexion with tire water test 
(v. p. 17). Important data can, however, be obtained through 
microscopical examination of the urinary sediment. A re- 
finement of the sediment investigation method was introduced 
by Addis (1925). This consists of a count of the cellular 
elements and casts in a counting chamber. The' determina- 
tion is usually made on 12-liour urine (night urine) but 
neither exercise nor a high-protein diet appears to affect 
the sediment (Addis 1926). The excretion of cells and casts 
■is, however, according to MacICay (1936) more constant 
during the night than during the day. He believed this to 
depend on the existence of a certain 24-hours 5 rhythm that 
gives varying results during this period. Normal values are 
given by Addis (1925), Gold ring and Wyckoff (1930), 
Lyltle (1933) and N sera a (1931) amongst others. 

To sum up it may be said of this group of functional tests) 
that the determination of non protein nitrogen or of urea 
nitrogen gives rapid information as to whether a severe 
functional disturbance is present or not, and that quantitative 
sediment determinations according to Addis 5 method are 
valuable in order to follow the course of certain renal dis- 
orders. The normal values given as follows are taken from 
the literature and must naturally only be regarded as approxi- 
mative. Moreover, it is evident from the foregoing that dif- 
ferent values are given by different writers. 
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Normal Values According to the Literature 

Urea nitrogen: 8-15 mg per cent; 
upper limit: 20 mg per cent. 

Non protein nitrogen: 20-35 mg per cent; 
upper limit: -10, mg per cent. 

Quantitative sediment: Red corpuscles: 65,000-170,000; 
upper limit; 1 million/mm 3 . 

White corpuscles and epithelial cells: 320,000-650,000; 

upper limit: 1 million/mm 3 

Casts: 050-2.000; upper limit: 9,000/mm 3 . 

Tolerance Tests 

The two most widely used tests in this group are the water 
or concentration lest and the phenolsulphonphlhalein test. 

The water test was introduced clinically by Vo 1 hard 
(1918). The subject is given 1.5 litres of water to drink over 
a period of 30-15 minutes. The urine is then collected every 
30 minutes for the first four hours and thereafter every two 
hours for 12 or 21 hours. The volume and specific gravity 
of each specimen are measured. No further fluid is then 
given during the lest period and iL is therefore possible in 
this way to obtain a combined dilution and concentration 
lest*. Vo 1 hard's criteria for the normal kidney are: ex- 
cretion of all the water during the first four hours, dilution 
of the urine to a specific gravity of 1.002-1.001 and then 
concentration to 1.020-1.030. The main sources of error in 
this lest arc manifest oedema or incipient oedema, high 
external temperature which promotes sweating or consider- 
able evaporation, etc. There are many modifications of Vol- 
hard’s original Lest (Si check 1919, Lundsgaard 1920. 
Mu nlc 1925. Strauss 1927, Rosenberg 1927) but the 
variations are usually minor ones. According to Pratt 
(1920) Vol hard's criteria are too strict since, according to 
the former, dilutions of only 1. 005-1. 00S have occurred 
in patients despite healthy kidneys. Pratt explains this 
by assuming. an unusually large quantity of solid substances 
being excreted during diuresis. On account of the varying 

o 
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results of the dilution test, many workers have discarded the 
water tolerance test and have instead studied the kidney’s 
ability to produce strongly concentrated urine which, more- 
over, according to Vo 1 hard, is the best measure of its ac- 
tivity. It should, nevertheless, be emphasized that there is 
naturally nothing unsuitable in performing the dilution test 
as well, and that it gives certain information. Mosenth a l 
(1915) used a test-meal and collected the day mrine in 2-hour 
portions and the night urine in one portion. His criteria 
for a normal test were a specific gravi ty of 1.018 or more, 
a variation of .009 or more beLween the lowest and highest 
values for specific gravity, a fairly small volume of night 
urine — 400 ml or less — with a high specific gravity, i.e. 
1.018 or higher. Addis and Shevlcy (1922) determined 
the specific gravity of the urine after 24 hours’ water de- 
privation and found that it was higher than 1.026 in 100 per 
cent and higher than 1.028 in 95 per cent. Lash met and 
Newburgh (1932) also made determinations of the night 
urine after three daj’S 1 preparaloiy stay in bed on a specific 
diet. They required a specific gravity of 1.029-1.032, and an 
increase of the non protein nitrogen was only registered; 
when this dropped to 1.010. Alving and Van Slyke 
(1934) made a critical study of the concentration and dilu- 
tion tests and came to the following conclusions: all con- 
centration tests are sensitive, Mosenthal’s being possibly the 
least sensitive. If the specific gravUy reaches 1.026, renal 
function is as a rule normal. There is no necessity to perform 
the dilution test, which is less sensitive and affords no addi- 
tional information to that given by the concentration test. 
Frey berg (1935) also recommends the concentration test 
as the best and most sensitive measure of renal function. 

The phenolsiilphonphihalein test was first described by 
Rowntree and Geraghly (1910). When this dye is 
injected intramuscularly, 60 per cent or more is normally 
recovered in the urine within the succeeding two hours. 
According to the foreinentioned writers: »when the drug 
was continuously excreted in traces or not at. all, a grave 
prognosis was to be given even without signs of uremia)-. 
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There is plentiful literature in existence regarding the value 
of this lest, particularly after Folin (1913) elaborated a more 
satisfactory lechnicpie. American workers in particular 
consider the lest to be extremely sensitive (Rowntree and 
Filz 1913, Chace and Myers 1916) but it also has its 
warm adherents in Scandinavia (Lundsgaard.and Mol- 
1 c r 1925). M o s e n L li a 1 and Lewis (1916) and Van S 1 y k c 
el al. (1930) are of the opinion that this test does not give 
more enlightenment than other functional tests and that its 
sensitivity is less than that of the concentration or urea clear- 
ance test. Vo 1 hard and Becher (1929) consider that it 
is not -absolutely necessary:) for the determination of renal 
function and approximately the same opinion is held by 
Frey berg (1935) who nevertheless states that the excre- 
tion determined during the first 15 minutes after the injec- 
tion gives more accurate figures than the determination after 
two hours. lie gives the normal figure after 15 minutes as 
28-29 per cent. 

Interest in the phcnolsulphonphlhalein test has never- 
theless increased during the last ten to twelve years since this 
substance, phenol red, is also used in clearance determina- 
tions and lias contributed to the solution of certain problems 
regarding the physiology of the kidney (v. p. 10). 

Nyiri’s thiosulphate lest (1923) is perhaps that of the 
other tolerance tests which has been most used and debated 
(Iverson 1925, W a r b u r g 1925, H o 1 b o 1 1 1 925). Since 
this, as well as a number of other tolerance tests, is very 
little used nowadaj r s reference is made to Volhard and 
Becher (1929) for a closer study. 

To sum up, it can be said regarding these tests that the 
water lest — or more correctly the concentration test — can 
give valuable information regarding the functional condition 
of the kidney but that it docs not permit any differential diag- 
nosis of various renal disorders since only one function is re- 
gistered, i.e. the ability of the kidney to concentrate water and 
sails. Another disadvantage is that a lower limit exists for this 
lest in cases of isosthenuria and no further deterioration of 
the renal function can therefore be discovered. Of the other 
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Lolerance tests, the phenolsulphonphthalein Lest gives the 
most rapid enlightenment regarding the function of the kid- 
ney, particularly' in Frey berg : s modification wiLh determina- 
tion of the excreted amount after the first 15 minutes (normal 
figure: 28-29 per cent). 

Functional Tests by Means of Simultaneous Investigation 
of the Blood and the Urine (’’Clearance Tests”) 

Urea Clearance 

A m bard (1910) attempted by means of. his well-known 
formula to express numerically the relation between the urea 
concentration in the blood and its rate of excretion in the 
urine. The pith of'Ambard’s rule can be expressed as follows: 
the ratio between the concentration of urea in the blood and 
the square root of the 24-liour excretion of urea is constant 
and equals 0:06—0.09 in persons with normal kidneys. The 
fact that the quotient is proporLional to the square root of 
the excretion of urine is based on purely empirical grounds; 
It is naturally possible that this may be found, on furlher in- 
vestigation, to be governed by some other function. Never- 
theless, in renal impairment there, is an increase in this figure 
as an indication of the inability of the kidney to eliminate 
urea in proportion to its concentration in the blood. 

Ambard’s hypothesis was not confirmed by Marshall 
and Davis (1914) who found that in normal animals the 
rate of urea excretion is proportional to the concentration in 
the blood only when a sufficiently’ large flow of urine is maim 
tained. Addis and Watanabe (1916) were of the opinion 

that the ratio l]rea excrelion ' " p ^ one Jt our is a measure 

Urea g in 100 ml of blood 

of the activity of the kidney provided that the blood flow 
through the kidneys is constant. They had three conditions; 
1) since the ratio varies with such controllable factors as diet, 
intake of fluid, etc., these should be standardized; 2) since 
the ratio also varies with other and uncontrollable factors, 
it is necessary to use the mean figure of several delermbKi- 
tions; 3) since the method is used to ascertain pathological 
changes in the kidneys of various individuals, it must be per- 
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formed under conditions that emphasize such differences to 
as great an extent as possible. Therefore urea loading should 
be used. They were able to demonstrate by their determina- 
tions that in the rabbit a lower figure after unilateral ne- 
phrectomy was only obtained following urea load; without 
such a load there was no difference in the figure obtained 
before and after the operation. Austin, Stillman and 
Van Slykc (1921) and Mo Her, McIntosh and Van 
SI 3’ Ice (192S) developed Addis’ ratio further and demon- 
strated that this ratio only varies in direct proportion to the 
volume of urine when this latter exceeds 2 ml per minute 
(^augmentation limits). When it falls below this figure the 
urea excretion is directly proportional to the square root of 
the urine volume. They 2 * * * * 7 set up two formulae for the calcula- 
tion of this excretion, which was then called uirea clearance;. 


1 ) 


"Maximum clearance : 


Uron in (lie urine X urine volnnie/min 
• Urea [‘h in Ibe blood 


can be used when the urine volume exceeds 2 ml per minute. 
This is essentially the same as Addis’ ratio except that here 
the excretion is calculated per minute instead of per hour. 
Actually, the formula implies that the concentration of urea 
in the urine during one minute is divided by the concentra- 
tion of urea in Lhe blood per one ml. It is the ratio between 
these quantities that is determined. 

2) standard clearance ,.:^-"'"- in " ,c ur - ino x ' /urinu . voU,me/n7in 

Urea % in the blood 

to be- used when the urine volume is less than 2 ml per min- 

ute. By r using the square root of the volume of urine, one 
obtains an expression of the urea clearance which approxi- 
mates a standard volume of one ml per minute. This is ap- 

proximately the normal urinary volume in a healthy indi- 
vidual under ordinary conditions. A functional change must 
obviously occur gradually so that instead of being propor- 

tional to the volume of urine it is proportional to' its square 
roof when the volume decreases. It is not possible to conceive 
of any sharply defined borderline. Under such conditions 
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llic formulae can only give approximate results particularly 
in lire neighbourhood of a volume of 2 ml. 

The accepted average for the »maximunn clearance is 75 
ml per minute (50-104 ml) and 54 ml per minute (25-09 ml) 
for the ^standards clearance. Instead of stating the excre- 
tion in ml per minute, it is nowadays usual to give this as 
a percentage of the normal figure, it thus being easier to 
compare the figures for varying volumes of urine. By in- 
troducing a correction to a standard body size of 1.73 m 2 , 
more easily comparable figures are obtained (McIntosh, 
Mo Her and Van Slvke 1929). Mac Kay (1932) thus 
pointed out that renal function is directly proportional to the 
surface of the body, to which the weight of the kidney is in 
direct proportion, a fact that has been established by special 
investigations. 

In young premature and lull-term infants the urea clear- 
ance is lower than in older children (Gordon 1942). Nor 
is it constant throughout the 21-hour period. According to 
Mac Kay (1929) it is maximal and the variations minimal 
between 9 a.m. and 12 noon and the investigation should 
therefore lake place during this period. On the other hand, 
Bruger and Mosenlhal (1932a) point out that urea 
clearance varies considerably in healthy individuals from 
hour to hour and from day to day. The most important fact 
is that the figures can vary since it has been demonstrated 
that these variations decrease with increased renal impair- 
ment, as is the case for the specific gravity. It is thus hardly 
possible to give the figure as a percentage of the normal 
clearance since the latter is not found in one figure but in 
a latitude. 

Diet is of considerable importance for urea clearance. 
Addis and Drury (1923) found lhal the maximal urea 
clearance can be increased by a high-prolcin diet and this 
was also demonstrated by Jolliffe and Smith (1931) and 
Shannon, Jolliffe and Smith (1932) in the dog. Van 
Slyke, Rhoads, Hiller and Alving (1935c) found 
that in the dog the urea clearance increased 2-3 times after 
a high -protein diet and that this was parallel to an increase 
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in Hie renal bloocl flow. Since in Ihcir opinion urea clearance 
is chiefly dependent on the renal blood flow, they believe 
thaL the clearance increase is possibly part of the general 
phenomenon of increased circulation following a high-pro- 
lein diet. 

Cope (1933a) demonstrated that in normal individuals the 
urea clearance does not appreciabty increase with a moderate 
increase of protein in the diet but falls if the protein intake 
is decreased from 75 g to 40 g per day and that this decrease 
is absent in nephritic patients. Gold ring, Razinsky, 
Greenblalt and Cohen (1931) made the same observa- 
tion in healthy individuals. Van Slyke, Page, Hiller 
and Kirk (1935) also found low urea clearance with a low- 
prolein diet if the clearance was calculated on the excretion 
of urea alone. Since, however, iL is assumed thaL ammonia 
is formed in the kidney by urea, it is according to these 
writers more correct to calculate the excretion of urea plus 
ammonia. From a technical standpoint this is also easier 
and there is then no decrease in the clearance on a low- 
prolcin diet. Farr (1930) observed an increase in the urea 
clearance in nephrotic children on a high-protein diet, but 
no increase if only urea was given. The increase seems there- 
fore to be conditioned by other metabolites than urea. 

Dominguez (1935) considered thaL an increase of urea 
clearance following a high-prolein diet is essential for main- 
taining the nitrogen equilibrium of the body. If there was 
no increased clearance, the urea would inevitably be retained 
unless the flow of urine increased in proportion to the con- 
centration of urea, an opinion which seems to be the object 
of considerable doubt. Simultaneous ingestion of large quan- 
tities of dextrose docs not affect the clearance (Bruger, 
Mosenthal 1932 b). It varies considerably from hour to 
hour in normal individuals as the same writers pointed out 
earlier (Bruger, Mosenthal 1932a). A restriction of 
salt, however, causes a decrease and the administration of 
sodium chloride an increase of the urea clearance as well 
as a decrease of urea nitrogen in the blood (Landis, 
E Iso m, Bolt and Shiels 1935). The explanation given 



by Ekehorn (1945) is llial in hypochloraemia more urea 
rediffuses in the proximal lubule since the concentration of 
sodium chloride in the tubular urine is lower than normal. 
After increasing the concentration of sodium chloride, urea 
rediffuses to a smaller extent and a higher clearance is ob- 
tained. This seems to be a reasonable explanation. 

The usefulness of »maximum» and » standard* clearance 
is discussed by several writers. S u m m e r v i 1 1 e, II a n z a 1 
and Goldblatt (1932) determined life » augmentation* limit 
. in the dog and found it to be 0.45 ml per minute. By using 
tins figure as a standard volume of reference in all volumes 
of urine, both formulae can be avoided and it becomes poss- 
ible to include all figures under a common term, i.e. urea 
clearance. Chesley (1937) points out that the square root 
formula for standard clearance gives erroneously low results 
if the urine flow falls below a certain critical volume, which 
for adults is about 0.35 ml per minute. The ratio: Urea °/o 
in the urine/Urea °/o in the blood, is then reversed and decrea- 
ses with a further decrease of the volume. He therefore 
recommends that in such cases the test should be discar- 
ded. These formulae are also criticized by Bing (1946) and 
Williams (1946) but their objections are not sustained by 
Van Slyke (1947) who considers that his original formulae 
are more accurate than those of Bing and Williams. As 
emphasized in the foregoing, a valid formula must include 
several terms, of which one is proportional to- > the volume 
of urine and one to its square root. The first term must play 
the principal role in high figures and the second in low fi- 
gures. It is difficult to envisage the situation with extremely 
low figures. 

What is the use of urea clearance? Cushny was first 
(1917) of the opinion that the urea is filtered in the glomeruli- 
but not reabsorbed in the tubules, i.e. a typical ;>non-tlire- 
shold* substance. In a later edition of his monograph (1924) 
he has, however, changed his opinion. Mayrs (1922) estab- 
lished that less urea than -sulphate, phosphate and creatinine 
is concentrated in the urine by the kidney and that by raising 
the urelliral pressure the urea concentration is further re- 
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tluced. Il has been established* through the investigations of 
Reli berg ( 1 D2G), Hollcn and Rchbcrg (1931), Shan- 
non (1936), and others, that a considerable amount of the 
urea is rediffused or reabsorbed by the tubules, about 40 per 
cent with a large volume of urine and still more with a low 
volume. Shannon (193S) made a further study of this 
condition in the dog. He came to the conclusion that a mere 
diffusion process cannot explain the entire loss of urea but 
lie supposes therefore that a minimum of two independent 
processes might operate. One would be bound to the reab- 
sorplion of water Lliat takes place in the proximal tubule, 
the Mixed obligatory > water reabsorption that is responsible 
for the deficit of urea excretion found when the volume 
of urine is large. The other would be a diffusion in the 
distal tubule connected with the .'facultative-) rCabsorplion 
of varying quantities of water taking place in that area. 
This latter process would then be responsible for the further 
decrease of the urea output in the urine found with a low 
flow of urine. Dole (1913) reached the same conclusion 
regarding the excretion of urea in the dog and in man. 

Urea clearance is thus no direct measure of glomcrulai: 
filtration blit of this filtration and the permeability of the tu- 
bular wall. This fact does not, however, prevent the lest hav- 
ing been used with considerable success as a renal functional 
lest. Van Slykc, McIntosh, Mo Her, Iiannon and 
Johnston (1930) consider that the urea clearance test is 
considerably more sensitive than Addis’ ratio, the phcnolsul- 
phonphlhalcin lest or the determination of the urea or the 
creatinine only in the blood. Brugcr and Moscnlhal 
(1932 c and 1932 d) arc of the same opinion. Frey berg 
(1935) considers on Ihe contrary that the water concentra- 
tion lest is more sensitive than the urea clearance lest. 
Bjcring (1931) finds that urea clearance and creatinine 
clearance are of equal value and that the former is more 
suitable for clinical use than the latter alone, since the urea 
clearance lest gives a general expression of the function of 
the glomeruli and the tubules. 

C basis and Smith (193S) investigated the renal func- 
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Lion in healthy and nephritit individuals by urea clearance 
and glomerular filtration determinations with inulin and 
came to the following conclusibns: 1) No increased »back 
diffusions of urea occurs in nephritic patients, as was con- 
sidered by Re lib erg (1926) to take place in certain cases. 

2) The resorption of urea in ncphrilics takes place in 
principle in the same way as 'in healthy individuals. 

3) The permeability of the tubular epithelium is unchanged 
in nephritis. 

These statements have, nevertheless, been severely criti- 
cized by Eke horn (1946) who showed from Chasis’ 
and S m i t h’s graphs that in actual fact the reverse condi- 
tion occurs in nephritic patients; the more severe the degree 
of renal impairment the more urea is reabsorbed in analogy 
with the process in a normal kidney with a decreasing flow 
of urine. 

These investigations will be discussed later in Chapter- 
YIII, General Discussion. 

Clearance Investigations Suitable for the Determination of the 
Volume of the Glomerular Filtrate 

As was mentioned in the foregoing (p. 4), the general clear- _ 

U x v 

ance formula: Clearance — - , where U is the concentra- 

tion in the urine, V the volume of urine per minute and P the 
concentration in the plasma, is used under certain conditions 
for calculation of the volume of the glomerular filtrate. The 
following conditions must be fulfilled if the clearance of a 
certain substance is to equal the volume of this filtrate and 
be suitable for its determination. 

1. The substance in question must be freely soluble in the 
plasma and filtrable through a semi-permeable membrane. 

2. It must not be rediffused, reabsorbed, secreted or syn- 
thesized. by the tubules in its passage through the kidney. 

3. It should not be too difficult to determine in small 
amounts. 
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-i. If iL is necessaiy to use an exogenous substance, ibis 
must be atoxic. 

It would be fairly simple it' such a substance was normally 
present in the blood, and the character of the blood and th|e 
kidneys in these respects has therefore been the object of 
many investigations. Urea, which was originally considered 
to be a suitable substance, was later discarded since it was 
shown to be reabsorbed in the tubules. Thus still greater 
hopes have been based on another substance normally present 
in the plasma, i.e. creatinine. 

Creatinine Clearance 

Creatinine is present in the blood plasma under normal 
conditions, according to Shaffer and Rcinoso (1910) 
who showed that a positive Jaffe reaction similar to that 
obtained with diluted creatinine solutions occurs in protein- 
free plasma filtrate. Behre and Benedict (1922; consi- 
dered. however, that creatinine is not present in the plasma 
in delectable quantities, but it must be considered as es- 
tablished by the investigations of Danielson (193G; and 
Miller and Du bos (1937) that the total chromogenic ma- 
terial present in the plasma is chiefly. iT not entirely, com- 
posed of creatinine. This applies to the plasma, since 50-70 
per cent of that chromogenic material which is present in 
the blood corpuscles is not comprised of creatinine (Hunter 
and Cam}) bell 1917). By precipitating whole blood accord- 
ing to Folin’s method (1930) the leakage of this non-creati- 
nine chromogenic material from the erythrocytes is prevented 
CM i 1 1 e r and I) u bos 1 937). S h a nnon, J o 1 1 i f f e and 
Smith (1932b) found that the concentration of chromogenic 
material in the plasma was sufficient to explain the normal 
excretion of creatinine in the urine, an opinion shared by 
Goudsmil (193G) who compared the concentration of 
chromogenic material giving a Jaffe reaction in the blood 
of the renal arteries and the renal veins. 

Since the normal concentration of creatinine in the plasma 
is small, and a correct determination of it is difficult, at- 
tempts have been made to increase if by administering exo- 
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genous crcalininc shorlly before the clearance invesligalion. 
llcli berg (1926) who introduced creatinine clearance as a 
measure of the volume of glomerular filtration, considered 
that exogenous and endogenous creatinine are treated in an 
identical manner by the kidney. Smith, Fink el stein 
and Smith (1940) were of the same opinion but concluded 
that neither endogenous nor exogenous creatinine could be 
used to determine the volume of the glomerular filtrate owing 
to the fact that it is secreted by tbe tubules. Miller and 
Winkler (1938) maintain thaL the clearance of endogenous 
creaLinine is identical with the glomerular filtration' rale. 
This opinion is also shared by Sleiuilz and Turk and 
( 1 940). B e r g 1 u li d and Modes ( 1935) who investigated 
3S health}' students without creatinine ingestion (» endogenous 
creatinine clearances) and 60 after the oral ingestion of 3 g of 
creatinine (:>cxogcnous creatinine clearance.;) came to the 
following conclusions: The endogenous creatinine clearance 
is considerably lower than llie exogenous, i.e. an average of 
88.0 ml per minute compared with 172.9 ml per minute. The 
endogenous clearance nevertheless shows a positive correla- 
tion to the body weight whereas this correlation is lacking 
in exogenous clearance. They consider that in normal in- 
dividuals it appeal’s as though clearance of creatinine without 
ingestion gives an expression of the rale of glomerular filtra- 
tion. After ingestion the filtration rale is increased for some 
considerable time, usually more than two hours, and this 
increase is probably due to the widening of the glomerular 
capillaries or to opening of inactive ones and a resulting 
increase in the blood flow. 

Endogenous creatinine clearance is, however, very little 
used compared with clearance after the ingestion of crea- 
tinine, which is widely used (Hoi ten and Re li berg 1929, 
Poulsson 1930, Ekehorn 1931, 1938, Ni and Reliberg 
1930, Hayman el al. 1933, Bjering 1934, Cambier 
1934, G a r d s t a m 1935). 

Marshall and Grafflin (1932) nevertheless • demon- 
strated that exogenous creatinine could be secreted by aglo- 
merular fish and this led Shannon, Jolliffe and Smith 



29 


(1932) lo investigate the circumstances in the dog. They 
considered that they were able lo show that creatinine is 
partly excreted through the tubules since its clearance is 
higher than that of xylose, which at that time was considered 
to be an exact measure of the volume of the glomerular fil- 
trate. After administration of phlorliizin, which blocks the 
tubular activity, these two clearances approach each other. 
The condition was the same in the dogfish, Squalus acanthias 
(Shannon 1931). These -.'proofs* arc nevertheless uncon- 
vincing, since Richards, Westfall and Botl (1931) and 
later Shannon as well (1935, 1936) established that xylose 
is reabsorbed in the tubules and that in the dog creatinine 
is not reabsorbed by them and its clearance is therefore iden- 
tical lo the volume of the glomerular filtrate. The latter fact 
was also demonstrated by Van Slvke, Hiller and Hil- 
ler (1935) and Richards, Westfall and Bolt (19*36). 
The conditions are also identical as regards creatinine in the 
Neclurus (Botl 1916), the rabbit (Kaplan and Smith 
1935) and the sheep (Shannon 193S). 

Chasis, .Tolliffe and Smith (1933) believed that they 
had shown that creatinine is also excreted by the tubules in 
man and .To'lliffc and Chasis (1933’ came to the same 
conclusion. They based their hypothesis on the fact that 
the clearance of creatinine is higher than that of xvlose. 
With phlorhiziu they were not, however, able to obtain any 
decrease in the creatinine clearance, cither in relation to 
that of xylose or absolutely but instead brought about con- 
siderable glycosuria. Such proofs carry no more weight Ilian 
do the earlier investigations on the dog carried out by the 
same workers and which they later revised (v. the foregoing, 
S h annon, .1 o 1 1 i f f c and Smith 1 932). Shanno n (.1935) 
reinvestigated these conditions in man using inulin as a com- 
parison in place or xylose. He then found that at plasma 
concentrations of creatinine between 7.3 and 13 mg per cent 
the creatinine clearance was 30-10 per cent higher than that 
of inulin, whereas this difference decreased to 12 per cent 
when the creatinine plasma concentration was between 96 
and 127 mg per cent. This was interpreted as a definite in- 
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dication of tubular secretion of creatinine. After the ad- 
ministration of phlorhizin the clearance of both substances 
was practically identical but definitely considerably lower 
than before -phlorhizin. This was, however, explained as 
dependent on disturbances in glomerular activity caused by 
the toxic effects of the substance. 

Findley (1938) is of the opinion that if 0.5 mg per cent 
is subtracted from the plasma creatinine concentration — i.e. 
approximately that quantity of chromogenic substance which 
he believes does not appear in the urine — the creatinine 
clearance will be constant at plasma concentrations between 
1.6 and 13.8 mg per cent. He also believes that there are 
strong reasons against tubular secretion of creatinine. Abdon 
(1935) showed that the administration of creatinine causes 
the occurrence of a substance reminiscent of creatinine 
phosphoric acid and this complex could possibly be excreted 
by another mechanism than filtration (R eh berg 1938). 
The three foremenlioned investigations are discussed by 
Shannon and Ranges in a later paper (1941) in which 
they still maintain their belief in the existence of a tubular 
secretion of creatinine limited to a certain quantity pel- 
time unit. 

The strange fact that creatinine is secreted by the tubules 
in man but not in any other mammal investigated led S mith 
and Clarke (1938) to investigate the conditions in anthro- 
poid apes and other infra-human primates. They considered 
that they had furnished proof of the existence of tubular 
secretion in the orang-oulan, the chimpanzee and the macacus. 
They found manifest differences in the orang-outan and the 
chimpanzee, but not in the macacus on which, however, 
few experiments were made. The conditions in the non- , 
anthropoid apes are still obscure. 

Ekehorn (1944) made a new critical investigation of the 
creatinine secretion on the basis of the foremenlioned work 
by Shannon and Smith et al. He is of the opinion 
that no pi-oof of the tubular secretion of creatinine exists hut 
that, on the contrary, it is the only substance that indubitably 
fulfills all the conditions necessary for a substance suitable 
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for filtration determinations. A discussion of these views is 
found in the summary aL the end of this chapter, since 
it is necessary to discuss inulin clearance before lafckling 
these problems. The normal figures for creatinine clearance 
arc also given there. 

Inulin Clearance 

In their study of the tubules of amphibia, Richards, 
Westfall and Bolt (1934) sought some substance that, in- 
troduced into them aL IhaL site, was not resorbed actively or 
by diffusion. Amongst the substances they tested was inulin. 
It was found to be considcrabty less diffusible than creatinine 
or glucose, fillrable through the collodion membranes im- 
permeable to protein, fillrable through the glomerular mem- 
brane of amphibia and not excreted l> 3 r aglomerular fish after 
intravenous injection. In clearance investigations in the dog, 
its clearance was found to be equal to that of creatinine and 
no changes were found aL varying plasma concentrations or 
flows of urine. Shanno n and Smith ( 1935) and S h a n- 
non (1935) published an account of their investigations of 
inulin clearance in man and in the dog after having tested 
inulin independently of Richards cl al. They came to 
the same conclusions, i.e. the clearance is independent of 
the plasma concentration, tested between 53 and 565 mg per 
cent (in the dog), phlorhizin docs nol affect the clearance 
either in the dog or in man, the clearance is unchanged even 
in a small urine flow with the resulting high concentration 
of inulin in it, which would contradict the theory of diffusion 
through the tubules (Shannon 1936). Van Slykc ct al. 
(1935) were able to find complete agreement in their in- 
vesljga lions in the dog and found, as did Richards’ and 
Smith’s school, that the clearances of inulin and creatinine 
are identical in this animal. 

The inulin clearance is probably identical to the glomerular 
filtrate in Squalus acanlhias (Shannon 1935), inulin and 
creatinine clearance identical in the frog (Forster 1938), 
in the Neclurus (Bolt 1946), the rabbit (Kaplan and 
S m i l h 1 935) and the sheep (S h a n n o n 1938). Richard s, 
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Boll ancl Westfall (1938) found that there was no excre- 
tion of inulin in the frog if the tubules were perfused through 
the renal portal vein with a solution containing inulin, crea- 
tinine, uric acid and phenol red, whereas all the other sub- 
stances were excreted. In the dog and the rabbit there was 
no excretion of inulin if the kidneys were perfused at such 
low pressure that no filtration could occur. On the other 
band, phenol red and diodrast, which undergo tubular ex- 
cretion, were excreted. Miller and Alving (1940) en- 
deavoured to establish whether there was any tubular reab- 
sorpLion of inulin by clearance determinations at high and 
low plasma concentrations. In six healthy individuals and six 
suffering from renal disease, the greatest difference between 
the clearances at high and low concentrations respectively, 
was of the order of magnitude that at the greatest difference 
a maximal tubular resorption of 1 mg per minute, within 
the limits of the error of measurement, could be envisaged. 
These investigations, as well as a number of others with the 
same trend, arc summarized by Smith (1943) in his »Lec- 
lures on the Kidneys. He came to the final conclusion that 
all the evidence accumulated from the investigations on the 
various species indicates that inulin can suitably be used in 
determinations of llie glomerular filtration rale. Elcehorn 
(1944) opposes this Theory, since he believes that inulin, as 
do all oilier sugars, undergoes tubular reabsorplion (v. Sum- 
mary, p. 35). 

Inulin is a polysaccharide of fructose and is found stored 
for nutritional purposes in the Dahlia, Cichoria and Jerusa- 
lem artichoke. It is poorlj r soluble in cold water but on 
healing it can be easily dissolved as much as to 20-30 per 
cent whereafter on cooling it once more precipitates aftei 
some horn's. Inulin does not reduce Fehling’s solution, is 
optically lacvorolalory -and, like starch and glucose, some- 
what resistant to alkalis but easily hydrolized with acids. 
It is not split by any ferment in the organism but by some 
micro-organisms sometimes present in the urinary tract. 

Inulin can, according to Haworth, Hirst and Perci- 
val (1932) be represented stereochemically as a chain of 
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fruclofuranose units with a minimum length of 30 fructo- 
furanose residues (fig. 1). 

The molecular weight is given hv Irvine cl al. (1933) 
as 1700-1900. by Drew and Haworth (1928) as 3000-3200. 
by Berner (1930) as 3300-5100 and by Westfall and 
Landis (1930) as 1091-5015. The molecular weight of the 
Swedish inulin used by the present writer was determined 
by Or ten bl ad (1913) as 3000-5000. The diffusion coef- 
ficient at 37° C (per sq.m and day) for cichoria inulin is 
0.201 and for dahlia inulin 0.177 (Bun ini, Smith and 
Smith 1937). There was no significant change in this 
coefficient after boiling in water or in 1 per cent solution 
of sodium chloride. It is lower than could be expected with 
regard to its molecular weight which is attributed to its 
elongate molecule. According to Spiihler (19-13) inulin is 
not bound to the plasma proteins, nor docs il penetrate into 
the erythrocytes. It is not excreted in the gastric juice, the 
bile or the cerebrospinal fluid. Il remains in solution in the 
urine for 21 hours and is not split there under normal condi- 
tions (v. above). According to Gold ring and Smith (1936) 
pyrogenic reactions in the form of nausea, fever, lumbar pain, 
herpes and anuria sometimes occur after intravenous injec- 
tion of inulin. Boiling for 30 minutes in distilled water does 
not decrease its toxicity. Partial hydrolysis with dilute acid 
decreases this somewhaL and complete hydrolysis with N/10 
ILSCL gives a considerable decrease in loxicilj'. All pyrogenic 
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substance is, however, removed by filtration in a Seitz -E.K. 
filler (Co Tui 1936, Smith, C ha sis and Ranges 1938), 
After the introduction of suitable and sensitive methods 
for quantitative determination of inulin, considerable interest 
has been aroused in the problem of inulin clearance (Smith 
et al. 1938, Berdal 1940, Rojel 1942, Jensen 1912, 
H og c m a n 19-13, Joseph son and Lindahl 1943, Moust- 
gaard 1915, and others). 


The Clearance of Other Substances Considered Suitable for 
Determination of the Glomerular Filtration Rate. 

Sulphate and phosphate: Mayrs (1922) was of the opinion 
that sulphate, phosphate and creatinine are concentrated 
to the same extent in the kidney in the rabbit. While 
(1923) found partial secretion of sulphate in the dog. Pouls- 
son (1930) estimated the clearance of creatinine and sul- 
phate to be approximately identical in man, but his method 
is criticized by Cope (1932) who found that the sulphate 
clearance is only about 30 per cent of that of creatinine. 
According to B j e r i n g and 0 1 1 g a a r d ( 1939) ihe clearance 
of »endogenous» sulphate is considerably lower than that 
of creatinine but this increases considerably in healthy in- 
dividuals after the administration of sulphate, although it 
does not reach the level of creatinine clearance. In nephritic 
patients there is, however, no increase. White and Mon- 
aghan (1933) stale that there is always a higher sulphate 
clearance al high plasma concentrations but that the phos- 
phate clearance is in no way proportional to the plasma 
phosphate concentration. 

Ferrocyanide: Van Slyke et al. (1935) found in the dog 
that the sodium ferrocyanide clearance is always identical 
to that of inulin and creatinine. Miller and Winkler 
(1936) demonstrated that in man ihe rale of ferrocyanide 
clearance is always the same as that of urea and thus under- 
goes tubular reabsorplion to approximately -10 per cent. 
Moreover, this substance has a toxic cffecl on the human 
kidney. 
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Ctjanol was considered b 3 ’ libber (1930) lo be a suitable 
substance i'or filtration determinations but according to Cope 
(193-1) this is nol the case, since its clearance is lower than 
that of creatinine and inulin respectively, probably mainly 
because iL is bound lo the plasma proteins. 

Creatine and hcxamclhcnaminc are also less suitable for 
filtration determinations (Pills 1931a. 193-lb, 1936) and 
this is also true of uric acid (Bonsnes, Dill and Dana 
19-11) and amino acids (Kirk 1936). 

J o 1 1 i f f e, Shanno n and S m i l h (1932 a, 1932 b in- 
troduced the use of non-melabolizcd sugars, xi/losc and 
sucrose , but after thorough testing for more than a year 
in various species it was found that they were nevertheless.' 
reabsorbed by the tubules. Il was therefore necessary lo 
discard Iheir use. S m i t h, F i n ke 1 s t e i n and S m i t h ( It) 10 
later demonstrated that the non-melabolizcd sugars sorbitol, 
mannitol and dulcilol have the same clearance as inulin 
(and creatinine in the dog and the two first-mentioned in 
man as well and it would therefore be possible to use them 
for filtration determinations. According lo Berger, Far- 
ber and Earle (1917) however, mannitol, which is the 
most frequently used, probably undergoes metabolic changes 
after injection in man, and must therefore be considered as 
unsuitable for such determinations. 

Summary and Discussion 

As is seen in the foregoing, the majority of workers agree 
that inulin is a substance that is neither reabsorbed nor 
secreted by the tubules whereas il is freely fillrable in the 
glomeruli and thus well suited for filtration determinations. 
On the other hand, it is seen that creatinine, which was 
introduced by R eh berg as an ideal lest substance, is un- 
satisfactory in several respects chiefly since il is considered 
lo he partially excreted by means of an active tubular secre- 
tion. As mentioned earlier, this question has been investigated 
by Ekcliorn ( 19-1-1) who in a series of papers published in 
Acta Mcdica Scandinavica attacked the theory of renal func- 
tion pul forward by Homer W. Smith et al. Eke horn 
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is oi’ the opinion that he is able to refute the arguments put 
forward in favour of the secretion of creatinine and that the 
only remaining possibility is an active reabsorption of inulin 
by the tubules. A discussion of tins matter must be based; 
on the assumption that the following facts are established: 

1. Both creatinine and inulin are freely soluble in the 
plasma and freely filtrable through the glomeruli (Shan- 
non 1934, Hendrix, Westfall and Richards 1936). 

2. In none of the species investigated was inulin observed 
to be secreted by the tubules or reabsorbed by them. (v. 
inter alia Shannon 1934). 

3. The secretion of creatinine in man and in anthropoid 
apes is assumed by Smith and others, since its clearance 
in these species is lower at high plasma concentrations of 
the substance than at low concentrations. This should he 
due to the circumstance that at rising plasma levels a certain 
maximal amount of creatinine is gradually secreted by the 
tubules. In still further increment of the creatinine con- 
centration in the plasma tins small quantity of secreted 
creatinine affects the clearance in an increasingly low per- 
centage. The clearance therefore falls and approaches that 
of inulin but never falls as low. This conclusion is based 
on the agreement of the conditions in substances definitely 
secreted by the tubules, such as phenol red and diodrast 
in which the formentioned occurrence was found. This 
phenomenon, which is termed the » self-depression* of clear- 
ance, is therefore regarded by Smith and his school as a 
definite indication of tubular secretion. 

Elce horn then demonstrated (1944) that in an investiga- 
tion made by Smith and Clarke (1938) on a chimpanzee 
it can be calculated that, at a high plasma concentration of 
creatinine, no secretion of this substance can have taken 
place since the amount of creatinine secreted was negative 
(-3.8 mg per minute). According to Eke horn, the actual fact 
is instead that at high plasma concentrations of creatinine, the 
tubular wall cannot withstand the large amount of this sub- 
stance filtered but that soule part is rediffused through the 
tubules and the clearance therefore decreases under suScli 



37 


conditions. Support for this hypothesis is given by an in- 
vestigation of Kay and Sheehan (1933) in which the same 
ssclf-depression-' of clearance — or rather of a factor which 
is directly proportional to the clearance — was demonstrated 
in the rabbit in which Smith et al. consider that the secre- 
tion of creatinine is impossible since the clearances of inulin 
and creatinine are identical in this animal. 

Ekcliorn thus demonstrates that ;> self-depression > of 
clearance at high plasma concentrations of creatinine can 
be explained by the fact that the tubular wall cannoL with- 
stand the high concentrations of creatinine in its lumen. It 
is nevertheless difficult to understand how this facL can 
afford proof that a secretion of creatinine actually does not 
take place al low or high plasma concentrations. It is possible 
that secretion can occur in one segment of the tubule and 
diffusion in another. It is therefore not a priori impossible, 
even if not probable, that both processes occur simultaneously 
— or more correctly, that both processes play a role al dif- 
ferent concentrations, thus secretion with low concentration 
and diffusion with high. Ekchorn, however, writes: 
-tubular secretion of a part of the urinary creatinine is 
clearly out of the question in man and apes. Therefore only 
the second alternative remains for explaining the difference 
between the creatinine and inulin clearances, that is to say, 
that a fraction of glomcrularly filtered inulin is reabsorbed 
in the renal tubules of primates.". No positive proof of this 
latter alternative is, however, given but Eke horn’s own 
reasoning speaks in favour of the actual occurrence of tubular 
secretion of creatinine at low plasma concentrations. If we 
consider Hkchorn’s mode of calculation in the case of 
S m i t h’s chimpanzee to be correct for high plasma concentra- 
tions (-3.8 mg/min) this procedure should also be valid at 
low plasma concentrations. We then find a secretion of 2-S 
mg per minute. It is moreover strange that in this ex- 
perimental series we obtain no tubular secretion al still 
higher plasma levels where still higher minus figures would 
naturally he expected. The disputed figure could also he 
due to errors of measurement. This is, however, impossible 
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Tabic I NORMAL VALUES 


Imilin clearance 


Author 

Men 

c 

W 

omen 

0 

No. of 

cases 

Clea- 
rance 
(ini pr 
min) 

No. of 

cases 

Clea- 
rance 
(ml pr 
mm) 

Miller, Alving and Rubin (1940) . 

5 

115 

16.4 




Friedman el at. (1941-47) 

16 

129 

30.6 

5 

120 

140 

Foa, Woods, Peel and Foa (1942) 

7 

117 

30.8 




Talbotl, Pecora cl al. (1942) .. 

5 

148 

35.8 




Smith cl nl. (1913) 

G7 

131 

21.5 

■21 

117 

1 5.6 

Hogeman (1943) 

35 

120 

12.S 




.Tosephson and Lindabl (1943) . . 

25 

140 

32.0 




Bradley (1947) 

8 

114 

15.0 

6 

12S 

19.5 

Berger, Farber and Earle- (1947) 

2G 

126 

17.1 

7 

111 

1G.5 

Tolal no. 

194 



39 




Croat'mlno clearance 


Author 

No. of 

cases 

Cleu- 
lance 
(ml pr 
tnin) 

0 

Holten and Rehberg (1931) • 

9 

113-180 

— 

Lassen (1932) • . . 

21 

159 

55.3 

Hayman, Halsted and Seyler ( 1933 ) 

59 

145 

34 

Berglund and Medes (19S5) 

60 

173 

33.0 


44 

130 

33.2 


5 

165 

— 

Tolal no. 

198 




[o stale when we do not know the error of measurement 
of the method used. Ekehorn nevertheless considers this 
to be impossible, although in this case it is only the writers 
themselves who could give a satisfactory answer. However 
this may be, the figure pointed out by Ekehorn appears' 
somewhat puzzling. 


39 


1. Tubular reabsorpLion of inulin is denied by Miller, 
Airing and Rubin (19-10) who investigated inulin clear- 
ance at high and low plasma concentrations. If such reab- 
sorplion exists it should appear its an appreciable decrease in 
clearance at low plasma concentrations and be less apparent 
at high concentrations. Onl}’ in one of the 12 cases investigat- 
ed (G healthy individuals and G with renal impairment) was it 
impossible to exclude the possibility of a tubular resorption 
of maximally 1 mg per minute inclusive of the errors of 
measurement. Other workers, however, have found that 
inulin clearance is identical at high and low plasma con- 
centrations. 

It is therefore possible to stale that there is reason to 
believe that inulin is neither secreted by the tubules nor 
reabsorbed — at any rale in measurable quantities. On 
the other hand, there is no direct proof that creatinine is 
not secreted through the tubules in man. ' 

It remains to give the normal figures for inulin and crea- 
tinine clearances (Table 1). 

Kk eh or ns material given here is somewhat corrected 
with regard to the number of cases. In his publication the 
creatinine clearance for 311 healthy subjects was stated to 
be 135.7 ml per minute. Actually, in several instances a num- 
ber' of clearance periods in the same individual were counted 
'as different individuals, c.g. 35 periods in one and 11 periods 
in one other individual were given as 79 cases. Obviously, 
when computing means in normal individuals one cannot use 
several determinations on some patients and only one from 
each of the others. The former patients would then have 
loo much influence on the mean. In addition, patients with 
other diseases (tonsillitis, acute and chronic polyarthritis, 
hypertension, acromegaly, etc.) are excluded here as well 
as those over 50 years of age. 

According to the foregoing table an appreciable difference 
exists in man between the inulin and creatinine clearances, 
although this is intrinsically of less importance from a purely 
practical viewpoint, since when changes in the rate of glo- 
merular filtration occur it is probable that these changes in 
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clctii ancc me prop or Lion ally of Hie same order of magnitude 
for both substances. IL is of more significance that the normal 
values for inulin clearance show smaller variations than 
those of creatinine. 

Clearance Investigations in Order to Determine the "Effective” 
Renal Blood Flow and the Maximal Secretory 
Capacity of the Tubules 

Diodrasl and Ilippuran Clearance 

In the following table the name, composition and iodine 
content of the most common iodine contrast media are tabul- 
ated, 

Table II 


American m , Per cent 

Trade name 

name of iodine 


Chemical name 


Diodrast 

Diodrast 

49.8 


Diodine B 
Pyelosil B 
Pylumbrin B 
Perabrodil B 
Dijodon 
Dmbradil 


Diodrast 

Diodrast- 


compound 

compound 

25 

Skiodan 

Intron 

Iodairal 

Skiodan 

52 


Abrodil B 
Tenebryl 

• 

Uroselectan 

Iopax 

42 

Neo-iopax 

Uroselectan B 
Iodoxyl B 
Pyelocton B 
Uropac B 

51.5 

Hippuran 

Hippuran 
Jodairal forte 

3S.S 


The diethanolamine salt of 3:5-rh'ioclo-4- 
pyridone-N-acetic acid 


An aqueous solution of 40. 5 per cent of 
diodrast and 9.5 per cent of 3:5-diiodo-4- 
pyridone-N-acetic acid. 
Sodiummono-iodo-methane sulphonate. 


Sodium 5 -iodo- 2 -pyridone-N-acetate. 
Disodium-N-urethyl- 3: 5-diiodo-4-pyri- 
doxyl-2: 6-flicarboxylate. 

Sodiumortho-iodo hippurate. 
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01 these substances, diodrnsl, hippuran and uroscleclan 
have been sliown to ’have llie highest clearances (Smith and 
Ranges 1938). Only the two first-mentioned are more gener- 
ally used and will therefore he discussed in the following. 

Both diodrasl and hippuran are while, crystalline sub- 
stances, readily soluble in water and contain chemically bound 
iodine. The melting point of diodrasl is 2 15-216° C and of 
orlho-iodo-hippuric acid 170-171° C. 

As mentioned earlier (v. p. 11) Elsom ct al. (193-1), 
investigated the clearance of a number of organic iodine 
compounds and found the diodrasl and hippuran clear- 
ances to he considerably higher than the simultaneous crea- 
tinine clearance in man and in the dog. They also found 
that at high plasma concentrations of these substances the 
clearance fell — a self-depression > occurred. This had 
earlier been observed in the dog as regards phenol red 
(Marshall and Crane 1921) and was later observed in 
man as well (Go Id ring, Clarice and Smith 1936). Since 
the clearance of a number of organic iodine compounds is 
sLill greater than that of phenol red, they are now used 
clinically instead of the latter substance. Landis, Elsom, 
Bolt and Shi els (1936) considered that hippuran clearance 
did not give more information about renal function Ilian 
urea or creatinine clearance since the reduction of all three 
ran parallel in renal insufficiency. In 1937, however, other 
workers (Elsom, Bolt and Walker) demonstrated that 
the hippuran clearance in the rabbit is practically as large 
as the renal plasma flow measured with Rein’s thermos- 
tromuhr or B arcr of l-Bro die’s method. Smith, Gold 1 - 
ring and C basis (1938) made a closer study of diodrasl 
and hippuran clearance in normal individuals. They pointed 
out that the greater the clearance of a substance the greater 
is the possibility for the kidney of entirely freeing the renal 
plasma from it during a single circulatory phase and its 
clearance thus approaches the flow of renal plasma. Since 
there is no reason to assume that all the blood that passes 
through the renal arteries is distributed to excrctoiw tissue, 
it is not possible to calculate the entire renal plasma flow 
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by means or such a clearance, bill only lhal effective for the 
occasion — »cfl'cclivc renal plasma flo\v». By dividing this 
plasma flow by llic percentage of Hie plasma in the blood 
obtained from the hacmalocril figure, if is possible to cal- 
culate the renal blood flow (R. B. F.). A substance suitable 
for such determinations must fulfill the following criteria: 

1. It must have the highest possible clearance since this 
would then be nearest to the true flow of plasma. 

2. The excretion of the substance must not be affected by 
any other substances present in the blood and which are . 
excreted by the tubules since they could then interfere with 
the tubular excretion of the test substance. 

3. Its plasma concentration must be low and below the 
self-depression limit'. 

These conditions arc fulfilled by diodrast and liippuran. 
As regards point 2, if can be slated that no substance has 
hitherto been shown to depress their clearance when simul- 
taneously present in the blood. On the other hand, diodrast 
and liippuran depress the clearance of a number of oilier 
substances, such as phenol red (Smith et al. 1938), p-amino 
hippuric acid (Smith et al. 1915), penicillin (Ram niel- 
li a nip and Bradley, 1943) etc. 

To these criteria set up by Smith several can be added 
to allow of ascertaining the renal plasma flow from the 
diodrast clearance: 

4. At low plasma concentrations the renal venous blood 
should be almost entirely free from iodine contrast or 

5. if flic red blood corpuscles contain some part of the 
contrast, this should be bound in such a way as to avoid the 
iodine contrast being delivered to the plasma during its 
passage through the kidney and thus offering the tubules' 
more Ilian is present in the plasma. 

Direcl investigation of the renal venous blood in man was 
earlier difficult to perform. Warren, Brannon and 
Merrill (1944) however, investigated the extraction of 
sodium p-amino hippuric acid by simultaneous determina- 
tion of the arterial and renal venous blood by catheterization 
of life renal vein from one of Hie cubital veins via the right- 
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auricle using Forssni aim’s (1929) method. Diodrasl has 
not l>cen investigated in this way in man, huL since the clear- 
ance oi' this substance and of p-amino hippuric acid are 
equally high, the foremen lioned investigation probably also 
elucidates the conditions regarding diodrasl. The foremen- 
lioned workers found an extraction of 0.85-1.00 (mean 0.90), 
thus the majority of the p-amino hippuric acid was eli- 
minated during one passage through the kidney. The extrac- 
tion was determined according to the formula: 

Cone, in the arterial blood — Cone, in the renal venous blood 
Cone, in the arterial blood 

There can be several reasons for the small residue. All the 
blood had possibly not passed the excretory tissue, or part of 
the substance was possibly bound to the plasma proteins in 
such a way that it was not entirely freed in passage through 
the kidney, or the mechanism described in point 5 could be 
the cause. 

•It is easier to determine the extraction of diodrasl in the 
dog than in man since it is possible in the former to examine 
the renal arterial and venous blood on explanled kidneys. 
According to Whi 1c and Heinbecker (19-10 the extrac- 
tion is 0.7-1 and according to Corcoran, Smith and Page 
(1911; 0.8-1. 

White, Findley and Edwards (1910) found that in 
normal individuals part of the diodrasl penetrates into the 
corpuscles and that the ratio 

Diodrasl per 100 ce arterial cell ivaler 

> = 0.32, 

Diodrasl per 100 cc arlerial plasma water 

which corresponds to approximately 50 per cent of the 
quantity in the dog (While and Heinbecker 1940). 
The quantity of diodrasl increment afforded by the cells is 
determined by a) the concentration of diodrasl. in the cells, 
b; the rale at which diodrasl passes to or from the plasma 
at a decrease in concentration in the latter. Determination 
was made by observation of the ratio: cell diodrasl to plasma 
diodrasl at a falling concentration curve after intravenous 
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injection of diodrasl. The exchange is rapid in the dog and 
the ratio is thus constant, but in man 'the quotient of the ratio 
rises from 0.32 to 1.20, thus indicating that diodrast is not 
eliminated as rapidly as the fall in the plasma concentration 
takes place. 

White and Heinbeckcr (1940) calculated that in the 
dog approximately 13 per cent of the diodrast delivered to 
the tubules emanates from Lhe blood corpuscles and that in 
this animal the diodrast clearance could therefore be 13 per 
cent higher than the renal blood flow. In man, however, the 
cellular concentration of diodrast is only 50 per cent of 
that of the dog. Moreover, the diodrast leaves the blood 
corpuscles considerably more slowly and it is therefore more 
covvecl to estimate the renal plasma flow by means of the 
diodrasl clearance. There are thus several indications that 
diodrast clearance at low plasma concentrations affords a 
measure of the effective renal plasma flow. How low must 
this concentration be before » self-depression* occurs? White 
and Heinbeckcr (1940) consider 13 mg per cent to-be 
the upper limit, whereas Corcoran ct al. (1941) give 
3-4 mg per cent for the dog. If the concentration is kept below 
5 mg per cent in man there should be some measure of 
security. 

By raising the diodrasl concentration in the plasma the 
clearance becomes depressed, a fact that Smith and his 
school believe to be caused by a maximal tubular secretion 
then occurring. By determining this maximal secretion, T m , 
at a high plasma level it is considered possible to obtain a 
measure of the amount of functioning excretory renal pa- 
renchyma. Diodrast-T m and diodrast clearance show as a 
rule a positive correlation (Goldring, C basis, Ranges 
and Smith 1940) but under certain conditions the diodrast 
clearance can decrease although the diodrast-l m is normal. 
This is particularly applicable to such conditions in which 
changes in the tonus of the efferent arterioles are to be ex- 
pected and are accompanied by decreased blood flow but 
unchanged excretory function of the tubules, e.g. effect of 
certain drugs (Goldring, C has is, Ranges and Smith 
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19-11. S m i 111 19-13). In order lo assess the significance of [he 
diodrasl clearance correctly, iL is therefore considered safer 
lo determine the diodrasl-T m as well. If low diodrasl clear- 
ance depends on tonus changes in the efferent arterioles, T m o 
is normal; if, however, it depends on a reduction of the 
excretory renal parenchyma a proportional decrease in T m o 
will also appear. By means of such combined tests it is 
now possible to obtain a picture of various changes in 
renal function in an entirely different way than formerly. 
From Eke horn’s statements (19-14) that aL high plasma 
concentrations of creatinine — when according lo Smith 
and his school a maximal secretion of this substance takes 
place — part of it is rediffused through the tubules, there is 
reason lo wonder whether the same occurrence cannot lake 


Table III Normal Yalnes for Diodrasl Cloavancc 


Author 

No. of cases 

Injection 

Clearance 
(ml per min) 

Variation 

[ Ranges of 
Variation 

Sex 

Chesley and 

(1939) 

30 

Conlin. infus. 

567 

459—848 

3S9 

F 

Chcslcy 








White el al. 

(1940) 

11 

Intrav. inject. 

410 

340—500 

160 

? 




Contin. infus. 

517 

405—670 

265 


Black, Powell 

(1911) 

S 

Conlin. infus. 

•537 

437—630 

193 

? 

and Smith 








Friedman, 

(1941) 

6 

Conlin. infus. 

700 

? 

? 

M 

Selzer and 








Roscnbltun 








» 

(1941) 

5 

Conlin. infus. 

661 

? 

? 

F 

Slcinih 

(1941) 

6 

Conlin. infus. 

688 

519—910 

391 

M 

Smith 

(1943) 

17 

Conlin. infus. 

677 

323—993 

670 

M 

Smith 

(1943) 

61 
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place as regards diodrasl al high plasma levels. If this is 
the case, the possibility of using T m o as a measure of the 
maximal excretory ability of the tubules is naturally lessened. 

lo sum up, it can be said that diodrasl: clearance al low 
plasma concentrations (below 5 mg per cent) in all proba- 
bility furnishes a measure of the effective renal plasma 
ilow. Moreover, T tn o possibfy gives a measure of the ex- 
cretory mass in the kidney provided that a parL of the 
diodrasl is not rediffused through the tubules at high plasma 
concentrations. 

IL appears from Table III that not only the mean figures 
vary (from 110 lo 700) but that the variability also shows 
very great differences according lo different writers, i.e. from 
97 lo 670. These differences can probably be due to different 
methods used and in part depend upon the fact Lh'al the 
series were sometimes small. 

A question of great importance is whether any circulatory 
changes lake place after injection of these highly concen- 
trated iodine compounds and also whether there are any 
contra-indications for the test. It is known that a fall in 
the blood pressure and shock can occur after rapid in- 
jection of iodine contrast (Literature: v. Pendergrass, 
C h a m b e r 1 i n, Go d f re y and B u r d i c h 1942) bu t ac- 
cording lo Goldring, C ha sis, Ranges and Smith 
(1940) these do not occur after the ordinary »clearance doses». 
Edwards and Biguria (1934) found, however, that the 
blood pressure was affected in the dog and this and dilata- 
tion of the peripheral vessels was noted in the rabbit by 
Weather all (1942). An investigation by Smith, Gold- 
ring and C basis (1938a) in which the inulin and phenol 
red clearances were determined lire first lime simultaneously 
with diodrasl and the second time with hippuran in the 
same eight normal individuals, shows that renal cfliciency 
can also he affected in man. In the former lest the clearances 
were 10-20 per cent higher than in the latter test. It is 
naturally' impossible to say r whether this was caused by 
an increase over the normal in the former or a decrease in 
the latter experimental series. 
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As regards coni ra-indical ions for the use of iodine com- 
pounds, both the literature and the instructions issued by 
the various chemical manufacturers usually advise great cau- 
tion in any of the following conditions: 
allergic conditions, particularly asthma, 
pulmonary tuberculosis, 
hepatic diseases, 

renal diseases with a tendency to retention of non protein 
nitrogen. 

Several cases of death after diodrasl injections for uro- 
graphy are described. These fall into two groups: the first 
occurring almost instantaneously and interpreted as an 
allergic reaction: the second several days or weeks later of 
uraemia, when it was often considered that the iodine contrast 
had directly injured the renal parenchyma (Pendergrass, 
Chamberlin. Godfrey and Burdich 1942. If this 
were true, it would mean a very considerable limitation of the 
diodrasl clearance method. Although certainly many hun- 
dreds. perhaps even thousands, of clearance determinations 
have hitherto been made in cases of renal insufficiency, there 
is no statement in the literature of a death following such 
an investigation. If is strange that death has followed a 
diodrasl injection in urography but not in clearance deter- 
minations. The present writer (Ilogeman 1918; pointed 
out, in order to explain this fact, that it is possible that the 
iodine contrast does not per sc cause any injury to Ihc renal 
parenchyma, but that the simultaneous compression used in 
urography with accompanying rise of pressure in the renal 
pelvis can cause further injury to an already impaired kidney 
with resulting retention of non protein nitrogen and uraemia. 
There is no direct evidence that the abdominal pressure 
actually injures the kidney, but such an occurrence docs 
not appear improbable when the functional ability of the 
kidney is poor. This is naturally a difficult question to solve 
and it is possible that animal experiments could throw some 
light on the problem. 
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p- Amino Hippuric Acid Clearance 

Iu studying the clearance of certain substituted hippuric 
acid derivatives, Smith, Fink el stein, A li mi nos a, 
Crawford and Graber (1915) found that p - amino hip- 
puric acid and diodrast had the same clearance. They there- 
fore recommended the use of the former substance for the 
following reasons: 

1. /j-amino hippuric acid does not penetrate into the red 
blood corpuscles in vivo and no increment from this source 
can occur during passage through Lhe kidneys. 

2. It is not bound, or only negligeably, to the plasma 
proteins. 

3. It is easier to determine than diodrast (in Lhe same way 
as the sulpha compounds). 

The clearance of this subs Lance is depressed by simul- 
taneous injection of diodrast. These two clearances cannot 
therefore be determined at the same time. 

The fact that the clearances of diodrasL, liippuran and 
p- amino hippuric acid are identical gives further supporL 
to the theory that the limiting factor in the excretion of these 
substances at low plasma concentrations is the effective blood 
flow to the tubules rather than a limitation in the tubular 
excretory mechanism. 

Factors that Affect Renal Function 

"When the results obtained from the renal functional tests 
according to the methods described in the foregoing chapter 
arc to be judged, it must be borne in mind that they can 
be affected by certain general factors. A short account will 
be given in the following of the effects caused by the age 
of the patient, Lhe body temperature and certain anatomical 
conditions. 

Age. Renal function changes with increasing age. Le- 
wis and Alving (1938) investigated 100 men and showed 
that the renal function in normal men over the age of 40 
exhibited the following appreciable changes: the urea clear- 
ance expressed as a percentage of the normal figure falls 
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from 100 per cenl at the age of 40 to 55 per cent at the, 
age of 89. The urea nitrogen in the plasma increases from 
12.03 mg per cent to 17.62 mg per cent in the same period 
and the concentration capacity falls from 1.030 to 1.023. 

Hilden (1916) investigated the diodrast clearance in 16 
individuals between the age of 51 and 79 year s (8 women 
and 8 men). lie showed that at the latter age the diodrasL 
clearance fell to 52 and 63 per cenL respectively of the 
normal figure. He also found a decrease in the urea clear- 
ance, although this was less pronounced, so that the quotient 
of the ratio: urea clearance Lo diodrast clearance rises with 
increasing age. Here, as is usually the case, it is difficult to 
decide how much must be attributed lo age alone and how 
much lo the arteriosclerosis which always accompanies it 
to a greater or lesser degree. Furthermore, the material is 
rather too small lo decide the influence of the age. 

On the other hand there is some evidence that renal 
function at birth is considerably below that of the adult. 
Barnett, Perlcy and McGinnis (1910) determined the 
glomerular filtration rale in seven apparently full-term new- 
borns and found that it was 20-40 per cent that of an adult. 
In a later publication (1912) they reported on the determina- 
tion of inulin clearance in a 21-hour old infant suffering from 
exstrophy of the urinary bladder which considerably facili- 
tated the collection of the urine. The filtration rale was 21 
per cent of the normal figure in an adult. According to 
McCan'cc and Young (1911) the inulin clearance in 3 
infants, aged 0-13 days, was 43 per cent of the normal figure. 
In an investigation by Dean and McCancc (1917) of 7 
infants between 2 and S days old the inulin clearance was 

found lo be 10.3-11.6 ml and the diodrast clearance 23.5- 

* 

125 ml, both, clearances calculated per 1.73 m 2 . The same 
writers also found that in the newborn the creatinine clear- 
ance is identical with that of inulin and varies, although not 
in an exact proportion, with the urine flow per minute. 

The present writer has not been able to deduce exactly 
from the literature how rapidly renal function increases after 
birth or at what age it achieves figures similar to those in 
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the adult. The few figures we have indicate that at any rate 
after 10-12 years of age the renal function is fully 7 developed 
qualitatively and even quantilively with the possible excep- 
tion or the renal blood flow which is in relation to the 
minute volume and the total volume of the blood. 

Body temperature. Farr and Moen (1939) investigated 
the urea clearance of seven rheumatic patients before and 
during heating in a hypertherm to 105° F (rectal tempera- 
ture). Before the test the mean clearance was 105 per cent, 
during the period of rise in temperature 61.7 per cent and 
75 per cent when the fever reached its maximum. They 
considered this fall to be due to a retarded blood flow to 
the kidneys, caused either by part of the blood flowing 
to the hyperaemic skin and thus less to the kidneys or 
possibly 7 by some dehydration despite attempts to avoid it. 

Smith et al (Smith 1913) also emphasized that changes 
occur in renal function in connexion with fever in pyrogenic 
reactions. These consist of a considerable increase in blood 
flow (measured by diodrasl clearance) and a lesser increase 
in filtration (determined by inulin clearance) causing a fall 
in the filtration fraction (F.F.). This decrease in the F.F. 
is in turn attributed to a dilatation of the efferent arterioles 
of the glomeruli. 

An entirely different explanation of certain changes in 
renal function can be given on the basis of the extremely 
valuable anatomical and physiological investigations of the 
circulation of the kidney published in 1947 by a research 
group in Oxford (Tructa, Barclay, Daniel, Frank- 
lin and Prichard: »Studies of the Renal Circulation^)- 
They demonstrated that in the kidney of the rat. and rabbit 
under certain experimental conditions (crush injury, after 
epinephrine and pituilrin injections, etc.) there is a shunting 
of blood from the cortex to the medulla through the juxla- 
medullary glomeruli and the vasa recta. This ^by-passm 
mechanism is favoured by the fact that the juxta-medullarv 
glomeruli have considerably wider efferent arterioles than 
the cortical glomeruli and can thus permit a greater flow 
of blood. On normal aging and in various forms of Brights 
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disease. Llie juxla-medullary glomeruli are easily subject to 
degenera live changes so that one glomerular loop is gradually 
dilated and takes over the enLirc blood flow through the 
glomerulus, the other glomerular capillaries becoming atro- 
phied. The blood can consequently flow more easily through 
this passage and the longer and more difficult passage 
through the cortex is diminished. It is possible in this way 
to explain Lhe decrease in renal function in increasing age 
as well as in certain renal diseases and changes due to shock. 

Corcoran and Page (1043). Lauson, Bradley and 
Co urn and (1911) and Selkurl (19-10) studied the inulin. 
and diodrast clearances during shock caused by haemorrhage 
in man and in the dog. Thev all came to the conclusion 
that in a fall in blood pressure to approximately 60 mm Hg. 
the clearance fell considerably or to zero, although on direct 
measurements some blood flow was found to be present 
(S e 1 k u r l 19 10). After restoration of Lhe blood pressure b} r 
blood transfusion the clearance figures did not immediately 
rise but remained at low levels for some lime. They there- 
fore concluded that clearance tests during and immediat- 
ely after shock are of little value. The best explanation 
of the phenomena is given by the assumption of the by- 
pass » mechanism according to True t a el al. It is a con- 
troversial question whether the increase in non protein ni- 
trogen often found in connexion with intestinal haemorrha- 
ges is to be attributed to the same mechanism or whether it 
is partly due to absorption of digested blood from the in- 
testinal tract (Johnson 1940, Yuile and Hawkins 1941, 
B 1 a c k, Powell and S m i l h 19 11, C h u n n and H arkins 
1911). The decrease in renal function observed in cardiac 
insufficiency, particularly combined with intestinal stasis, 
(Lassen 1933, Seymour, Pritchard, Longley and 
Hay man 1912) is also most easily explained by this ;> by- 
pass » mechanism. Such circulatory changes and their poss- 
ible significance in various renal diseases are discussed in 
Chapter VIII. 

A purely anatomical detail that should be borne in mind 
in clearance determinations is pointed ouL by Gabriele 
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(1942). The renal artery usually originates at right angles 
to the aorta, but if this angle becomes obtuse or acute 
owing to a postural change of the kidney (asthenia, obesity, 
pregnancy, etc.) the conditions of pressure in the renal artery 
undergo a change. The filtration pressure and renal blood 
flow can thus change without any changes occurring in the 
kidney itself. 

In the foregoing a short review of the modern theory 
regarding the renal function and of the tests worked out on 
the basis of this conception is given. For want of space it 
•was impossible to enter into particulars and to evaluate the 
literature in this field. 


Some Terms and Definitions Used in this Paper 

, , , .. Urea excretion, g per one hour . . 

Addis ratio = -------- — is a measure of 

Urea g in 100 nil of blood 

the ability of the kidneys to excrete urea. 

A mbard's constant: — ^ is also a measure of tbe 



ability of the kidneys to excrete urea. B denotes the. concen- 
tration of urea in the blood and U the concentration in the 
urine, both expressed in gm/lit. D denotes the quantity of 
urea excreted in 24 hours (in gm). 

Clearance is defined as »tlie minimum volume of blood 
required to furnish the quantity 7 of substance excreted in the 
urine in one minute’s time» (Smith 1937). The ordinary 

clearance formula is written: Cl = u and P are the 

p 

concentrations of urea in the urine and in the plasma re- 
spectively and V the urine flow per min. 

Inulin clearance is with all probability a measure of the 
glomerular filtration rate. 
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Creatinine clearance is probably somehwal larger than 
glomerular nitration since a small proportion of the crea- 
tinine is presumably excreted by tubular secretion. 

Urea clearance is smaller than glomerular filtration since 
part of the urea is reabsorbed, a larger quantity with low 
than with high urine flow. It is usually stated as a percentage 
of a normal value instead of as ml/min. 

Diodrast clearance is considered to be a measure of that 
amo’unt of plasma that reaches the excretory tubular tissue. 
If this clearance figure is converted with the help of the 
haemalocriL figure to whole blood, a measure of the so-called 
effective) renal blood flow is obtained. Diodrast is excreted 
both by the glomeruli and by the tubules. 

T m is an expression of the maximal secretory or reabsorp- 
live capacity of the tubules. The former is determined for 
example at a concentration of approximately 25-30 mg per 
cent of diodrast in the plasma and is denoted T mI) and the 
latter determined for example at a concentration of approx- 
imately 100-500 mg per cent of glucose in the plasma and 
denoted T mG * 

Fill ration fraction — the quotient of the inulin and the 
diodrast clearances. 

These explanations are intended to facilitate the reading 
of the present paper for those who arc not earlier familiar 
with the terminology. 



The Problem 


i he modern methods described earlier, which allow the 
registration of .separate functions of the kidney, afford possi- 
bilities of increasing our knowledge of renal function in 
healthy and diseased individuals under physiological ’ami 
pathological conditions. The fact that the majority of earlier 
investigations have hitherto dealt with normal function ami 
only a minority with the function occurring in renal disorders 
caused the present waiter to apply these methods to a large 
clinical material. The chief reason why this has not been 
done earlier is probably the complicated technique used. 
The first task was therefore to simplify this technique in 
order to make it more suitable for routine investigations 
with the least possible inconvenience to the patient. 

The following problems were then considered: 

1. Does combined functional tests with determinations of 
the inulin and diodrasl clearances give more information 
about renal function in persons with diseased kidneys than 
the simpler methods used earlier? 

2. Does diodrasl clearance, which is the most difficult 
lest technically, together with determination of the glomerular 
filtration rate give more information than the latter test 
alone? 

3. Is jnulin to be preferred to creatinine in filtration deter- 
minations? 

-1. Is it possible with functional tests of this kind to make 
a better differential diagnosis and thus to obtain indications 
for therapy and prognosis? Iiow far is it possible to judge 
renal function from clinical symptoms alone? 

In the course of the investigation two further problems 
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o. Is it possible following this investigation to draw any 
conclusions regarding the reserve capacity of the kidney? 

(>. Are there an}’ possibilities of judging the manner of 
work of the kidneys when their function is failing? 

In order to answer these questions a sufficiently large ma- 
terial is required which in certain cases must be followed 
up for some time. The investigation has thus been extended 
to several years and it was therefore not always possible, if 
the continuity was not to be disturbed, to make use of any 
newly-published modifications of the methods. 



CHAPTER II 


METHODS USED IN THE PRESENT PAPER 
Analytical Methods 

The customary clinical methods were mainly used in 
this investigation and a detailed account of them is therefore 
superfluous. Some determinations of a more complex nature 
were nevertheless made in which the writer introduced 
certain modifications. A rather lengthy account of the tech- 
nique of the latter therefore appears to be justified. 

Quantitative Iodine Determination 

When quantitative determinations are to be made of dio- 
drasl, hippuran or other iodine-containing contrast media, all 
the methods are based on the determination of the iodine 
which is present in a fixed percentage in all these media 
(v. Table II p. 40). As regards diodrast, which is a pyridine 
iodine compound, several simple methods have been published 
recently (While and Rolf 1940a, 1940b, Alpert 1941). 
When it is a question of other iodine compounds Ilian those 
containing pyridine iodine, more complicated and lengthy 
methods are necessary. The writer, who during the war 
was unable to obtain any pyridine iodine compound (diodrast 
or the corresponding German substance per-abrodil or uro- 
seleclan) was therefore in the first two or three years 
obliged to use hippuran (Swedish substitute: Hippodin Leo) 
which according to American publications (Elsom et al. 
1934, Smith et al. 1938) has a clearance approximately 
the same as that of diodrast. After the end of the war the 
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writer changed to diodrast (Swedish substitute: Dijodon Leo) 
but nevertheless carried out Jiis iodine analysis in Lhe same 
way as previously. 

After studying and carrying out preliminary tests with 
various methods, the writer chose a modification of Elmer’s 
(1938) micro-iodine method. After thorough testing and leng- 
thy elaborations this proved well suited to the purpose. 


The principle of Uie method is: combustion of all organic 
matter in the presence of an alkali, concenlralion of the 
iodine and lilrimclrical determination with thiosulphate. 


I tear/ cuts: 1 ) 
2 ) 

3) 

4) 


5,1 

<>l 


KsCOa (reagent grade) in 50 per cent .solution 
Ethanol in 95 per cent solution 
0.5 N ILSOi 

Bromine water. 0.2-0.3 ml of bromine is added to 10 
ml of redistilled water and shaken vigorously for a few 
minutes. This solution must he freshly made twice 
a week as otherwise I II3r can he formed. It is kept 
in a dark boll 1c. 

Starch in 0.5 per cent solution 

Potassium iodide (reagent grade) in 0.5 per cent solu- 
tion 


7) 1/250 N NasSsOa (reagent grade). The solution is sla- 
bilb.cd by the addition of 1 per cent amyl alcohol 
according to Reilh and van Dijk (1937). 

All the reagents were produced iodine-free according to the instruc- 
tions given by Elmer (»Iodine Metabolism and Thyroid Function)), 
1038, pp. 10-50). 


Method 

I. 2 ml of plasma or urine is measured in a nickel crucible and 
mixed with 2 ml of K-EO.i in 50 per cent solution. The mixture is 
(hen evaporated on a water hath to a thick pasty consistency (plas- 
ma) or dryness (urine) and thereafter placed in an electrical oven 
at 100° C until the sample is completely dried (-10-50 minutes). 

II. Combustion. The plasma sample is combusted for 45 minutes 
at 420-130° C whereas only 30 minutes at 300° C is required for 
the combustion of the urine. This difference in the temperature and 
the lime necessary is due to the fact that a considerable amount of 
organic substances is present in the plasma, but almost entirely 
absent from the urine sample which is diluted 20-100 limes. This 
fact is not pointed out by Elmer and il therefore took the present 



0 pulse rate 

O q oxygen consumption 



Fie. 5. Pulse and respiratory rates, ventilation coefficient and oxygen 
consumption at the various loads in a normal subject. 


definite abnormal reactions exist in the groups. Compare for in- 
stance the pulse rate differences in Table 7, with the working 
capacities in Table 22 A in groups 4, 5, 7, 8 and 10. 

The results in Tables 7 and 17 show that marked differences are 
found in groups containing cases which in advance could be ic- 
garded as less capable of work when' compared to ordinary sub- 
jects This is in accordance with the results of other investigators 
on the reactions of different functions to work. In most tests it 
is however not possible for a more able subject to distinguish 
himself above other subjects than those that are definite y a nor 
mal. When for instance pulse or respiratory rates are used < 
single light load as indicators of working capacity, nothing 
known about the reaction at higher loads. The only poss.bihty 
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approximately equal parts of redistilled water to prevent boiling in 
the crucible. 

V. After careful evaporation a very small and quite while sedi- 
ment is present in the bottom of the crucible, ready for iodine deter- 
mination. This sediment is dissolved by adding 1.5 ml of hot re- 
distilled water and cautious tilling of the crucible so that all the 
sediment, including any that may have fastened on the walls of the 
crucible, is dissolved. The solution is then poured into a small 
(25 ml) Erlenmever flask and the sides of the crucible rinsed twice 
with 0.5 ml of hot redistilled water. 3 to -1 drops of 0.5 X IlsSOt 
are added to bring the pH to 1.5-2 (controlled by means of indicator 
paper and a platinum loop). Two drops of bromine witter are added 
and the Erlenmever flask is placed on a sand bath with it tempera- 
ture of 98-100° C for exactly 10 minutes to allow the excess of bro- 
mine to evaporate. Two or three times during this process the flask 
j.s lifted and the contents vigorously rotated once or twice to ensure 
complete evaporation. After 10 minutes all smell of bromine should 
have vanished and the liquid in the flask be absolutely clear. 

VI. Titration. The flasks are cooled in cold water and 2 drops 
of 0.5 per cent potassium iodide solution added. A yellow or brown- 
ish-yellow colour then appears. Titration then lakes place with 1/250 
X Nu-S-Oj. When the colour begins to fade, a few drops of starch 

■ .solution arc added and titration then continued until the blue colour 
vanishes entirely. 

For calculation of the clearance, that amount of XasSsOa required 
for titration of the plasma and urine samples can be used as a 
measure of the quantity of iodine contrast (diodrast or hippuran) 
present in the samples, since the quantity of thiosulphate is obviously 
in direct proportion to the quantity of the former. If. -however, an 
exact determination of the concentration of iodine is desired, a 
known quantity of iodine must be treated as described in Step V 
with ll-SOi and bromine water, etc. This is then titrated and the 
amount of the thiosulphate solution required for this known quan- 
tity of iodine is then found. As an approximation it can be said that 
with the method of determination and the reagents used in the 
present investigation, 0.110 ml of thiosulphate solution corresponds 
to lOy of iodine. Titration takes place in a 2 ml burette graduated 
in 1/100 of a nil. An accuracy of approximately 0.005 ml can be 
obtained with some practice. 

Discussion of the Method 

Slop I. An excess of alkali is added io Hie plasma and 
urine samples so that on coni bus Lion ilie freed iodine is bound 
in non-volalile form. NaOH can be used instead of K 2 CQ 3 . 
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bul Ihc polassium sails arc preferable since Ihe paste formed 
ai'lcr conibuslioii and addilion of water is llien smoother and 
easier lo extract Ilian if sodium sails are used (Elmer 1938). 

« * 

Step IV. Care should be taken lo ensure that the ethanol 
used for extraction is of the strength prescribed. If il is loo 
diluted the paste becomes thin in the course of extraction, 
thus making the procedure more difficult. If the ethanol is 
too concentrated, it is true that one can avoid more of other 
salts being dissolved in the extract, bul the paste will then 
become dryer and dryer. If ethanol of the prescribed strength 
(91.2-95.2 per cent) is used, the consistency of the paste 
will remain unchanged throughout the extraction. 

Step V. Acidification lakes place in this method with 
HoSO,. but other acids can be used. The most important 
point lo observe is that the solution must not be too acid, 
i.e. not below pH 1.5, as a loss of iodine then occurs. 

The bromine water is added lo oxidize the iodide to the 
iodalc, the excess of bromine then being evaporated on the 
sand bath. Bromine water is more suitable than chlorine 
water, since the latter is both more difficult lo produce and 
easily gives excessive figures for the iodine (Reith 1929). 
The absolute sensitivity of the method is increased on oxida- 
tion (the relation is naturally unchanged) as the amounts 
of iodine finally to be titrated are six times as large as those 
contained in the original material, according lo the formula: 

(1) I, + oBr, + 0H„O = 210," + lOBr" + 12H+ 

(2) 210," + 101" 4- 12H+ = 6T S + GH,0 

Step VI. Titration should take place in properly cooled 
solutions since the starch-iodine reaction is considerably more 
sensitive in cold than at room-temperature. Moreover, liba- 
tion should be performed within one minute after the addi- 
tion of the starch as otherwise an increase in the intensity 
of the colour will fake place (Elmer 1938). If Nichols 
starch reagent (with salicylic acid as a preservative) is used, 
the accuracy is still further increased (Turner 1980). 
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The Accuracy of the Iodine Determination 

111 order lo ascertain Lhe sensitivity of the iodine deter- 
mination method, Lhe writer both made y r ield experiments 
and calculated the error of measurement by means of double 
determinations. 

Yield experiments. These were made both on urine and 
on plasma. Varying amounts of a 3.7 mg per cent diodrast 
solution (calculated as iodine) were added to 2 ml of urine 
or plasma respectively. Each ml of this solution thus con- 
tained 37 y of iodine. Determinations were thereafter made 
in 16 single analyses for each concentration, 18.5 Y /ml, 
37 Y/ml, 7-1 Y/ml and 111 '(/ml of urine and plasma. The 
results of these determinations are given in Table IV, in which 
the mean figure, the standard deviation and the deviation 
from the calculated amount expressed as a percentage are 
also given. It is seen that this deviation is approximately 
1-1.5 per cenL for the concentrations 37-111 Y/ml. At concen- 
trations of 7-1 and 111 Y/ml there is throughout a small iodine 
loss both in the plasma and the urine tests. This does not, 
however, exceed — 1.6 per cent in the former and some- 
what less (— 1.2 per cent) in the latter. 

Table 1Y 

Yield tests of diodrast in different known concentrations. 


Concentration 

(Y P r ml ) 

Num- 

ber 

M ± e(M) 

G 

Difference 

Difference 
in '!o 



Urine: 




111 

10 

109. SI ± 0.22 

0.87 

— 1.19 

— 1.1 

74 

10 

73.13 ± 0.17 

0.70 

— 0.87 

— 1.2 

37 

10 

37.04 +' 0.31 

1.22 

+ 0.04 

+ 0.1 ■ 

18.5 

1G 

19.40 ± 0.20 , 

0.81 

+ 0.90 

+ 4.9 



Plasma : 




111 

1G 

109.23 + 0.04 

2.54 

— 1.77 

— 1.0 

* 74 

10 

73.50 ± 0.41 

1.02 

— 0.44 

— 0.0 

37 

10 

37.32 + 0.34 

1.30 • 

+ 0.32 

+ 0.9 

18.5 

10 

19.82 + 0.2S 

1.14 

+ 1.32 

+ 7.1 
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II is found throughout boLh in urine and plasma lests that 
with small additions of iodine the yield is Loo large whereas 
with additions of medium quantity the average values are 
fairly correct. With large additions of iodine the values are 
too low. This systematic deviation can, at lcasl in part, be 
caused by the fact that the normal iodine concentration in the 
blood and the urine has been disregarded. Even if this is 
very small, its effect should be exactly that just described. 
It is natural for the systematic error calculated as a per- 
centage to be relatively large in low figures. These yield 
experiments nevertheless show that the method is fairly 
accurate. Double determinations were carried out in order 
to ascertain this accuracy. 

The error oj measurement. These calculations are based 
on 193 double determinations of the diodrasL in the plasma 
and 288 double determinations of its concentration in the 
urine. The material was divided into groups from 0-12.9, 
13-23. 9, etc. The classifications were chosen in view of the 
mean concentrations in the plasma in the normal material, 
which varied between 0.67-1.31 mg per cent (= 6.7-13.4 7 /ml). 

The error of measurement (<h) is computed from the dif- 
ferences (d) between double determinations according to the 
formula: 



(see Dahlberg, 1940) 


Tables V and VI show the mean figures, the errors of 
measurement and the errors of measurement expressed as 
percentage values at various levels of the iodine concentra- 
tion in the plasma and urine respectively.. Here as well it is 
seen that the smallest percentage error is found in the concen- 
trations of medium size whereas in low concentrations — ■ and 
strangely enough in high ones — it is higher, the maximum 
being 8.4 per cent. This applies to the determinations in 
the plasma. The values are better and more even in respebl 
of the urine determinations. The largest deviation is found 
with low values. 
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Tabic V 

Error of measurement (c^) of diodrast determinations, computed from 
double determinations on blood plasma. 


Concentration 

Y per ml 

Number 

Mean j 

Error of 

measurement 

(*i> 

in per cent 
of the mean 

0— 12.9 

4 

9.2S 

_ 


13 — 25.9 

44 

20.42 

0.93 

4 55 

2G — 3S.9 

40 

32.03 

1.34 

4. IS 

39 — 51.9 

27 

44.40 

1.07 

3.76 

52— G4.9 

22 

5S.27 

1.00 

1.72 

65 — 90.9 

IS 

75. 6S 

1.03 

1.30 

91 - 110.9 

IS 

101.90 

7.17 

7.04 

117 — 194 9 

13 

140.S2 

0.01 

4.27 


Table VI 

Error of measurement (: ; ) of diodrast determinations, computed from 
double determinations on urine. 


Concentration 

Y per ml 

Number 

Mean 

Error of 

measurement 

(°i> 

in per cent 
of the mean 

0— 12.9 

10 

10.51 

0.37 

3.52 

13 — 25.9 

47 

20.0S 

1.21 

0.03 

20 — 3S.9 

5$ 

31.70 

0.89 ’ 

2. SO 

39 — 51.9 

32 

40.34 

1.2S 

2.70 

. 52 - G4.9 

17 

5S.S5 

1.54 

2.02 

05 — 77.9 

22 

71.30 

2.04 

2. SO 

7S — 90.9 

21 

S3. 50 

2.50 

2.99 

91 — 103.9 

1 5 

97.09 

1.04 

1.09 

104 — 110.9 

13 

110.23 

2,00 

1.81 

. 117—129.9 

13 

124.42 

2.92 

2.35 

130 — 155.9 

19 

140.3S 

1.9S 

1.41 

156 — 194.9 

10 

171. 1G 

3.05 

2.13 

> 195 

11 

29S.12 

7.30 

2.45 
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The lasl-mentioned method, with small modifications; was 
used in the present investigation. 

Reagents: 1) ZnSCh (reagent grade) in 10 per cent solution 

2) 0.5 N NaOH 

3) Diphenylamine in 10 per cent solution: 10 g pure 
diphenylamine (reagent grade) is dissolved an absolute 
ethanol to 100 ml. This solution can be kept in a dark 
bottle for at least a week. 

4) Hydrochloric acid and alcohol mixture: 80 volumes of 
concentrated HC1 (chemically pure, preferably reagent 
grade) is mixed with 112 volumes of 95 per cent 

• ethanol. This solution can also be (kept for about a 

week in a: dark bottle, but then often gives a higher 
blank than if it is freshly mixed each day. 

For each determination a solution of reagents 3) and 4) is pre- 
pared, consisting of 12 volumes of reagent 3) and 192 volumes of 
reagent 4). This then constitutes the completed diphenylamine, hy- 
drochloric acid and alcohol mixture. 

Method 

Plasma I. 0.2-0.3 ml of washed yeast is added to 2-3 ml of 
plasma (heparin or oxalate) and the sample placed in the thermostat 
at 38° C for 45 minutes for fermentation. It is then removed and 
centrifuged rapidly. • 

II. 1 ml of the supernatant fluid, 7 ml of distilled water, 1 ml of 
the ZnSO-j solution and 1 ml of NaOH are mixed, strongly shaken, 
allowed to stand for 10 minutes and then filtered or centrifuged. 

III. 5 ml of the filtrate and 10 -ml of the diphenylamine, hydro- 
chloric acid and alcohol mixture are measured in a special hydro- 
lysis ampoule. A milky precipitate then appears which soon dissolves 
on shaking. The hydrolysis ampoule is sealed. 

IV. The ampoule is placed an a water bath for exactly 60 minutes. 
This should boil strongly the whole time and the water level in the 
bath should be constantly somewhat higher than that of the fluid 
in the ampoule. After boiling, the ampoule is cooled rapidly in cold 
water for a few minutes. 

V. Reading off in the Pulfrich stufenphotometer, filter S 61, against 
a blank of water treated in the same way as the plasma sample except 
that it need not be fermented. 

Urine. The determinations are carried out in the usual way, but 
the samples do not require to be fermented unless severe glycosuria is 
present. The urine is diluted to a suitable concentration before deter- 
mination. With the injection volume used by the writer in the present 
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investigation (usually 50 ml of a 10 per cent inulin solution) it is 
suitable to dilute the urine 20 times if the urine flow reaches 3-4 ml 
per minute. With a smaller flow the urine is diluted 100 times. 

Discussion of the Method 

Step I. Fermentation of the plasma sample is necessary lo 
eliminate the glucose normally present in the blood since 
this reacts with diphenylamine and gives a blue colour, as 
does fructose. According to Jolles (1910), van Creveld 
(1927) and Dische (1929), however, the glucose-diphenyl- 
amine blue colour reaclion lakes place more slowly • Ilian 
the corresponding reaclion with fructose. For example, 
plasma with 400 mg per cent of glucose gives no colour 
after boiling for 15 minutes whereas a definite blue colour 
appears with a fructose solution of 1 mg per cent. On further 
boiling, however, the glucose gives a colour which gradually 
becomes more intense. This fact was utilized by Corcoran 
and Page (1939) who used a boiling time of exactly 15 
minutes but nevertheless, for safety’s sake, fermented the 
plasma samples. In modifications of their method, fermenta- 
tion has often been considered unnecessary since a blank be- 
fore injection of inulin gives a very weak colour (Rojel 
1942, Gnckelberger and Sanz 1942, Josephson and 
Lindahl 1943). Fermentation is nevertheless necessary 
for exact determinations particularly if the blood sugar con- 
centration is high or if changes in it can be expected in the 
course of the test. 

The majority' of workers use a suspension of yeast in 
which the water content is determined by haemalocrit betore 
fermentation. In calculation of the concentration of inulin 
in the plasma, the dilulion taking place through this increm- 
ent of water to the plasma must be calculated, which is a 
complicated procedure. The writer therefore used the follow- 
ing method: 0. 2-0.3 ml of yeast suspension is first added to 
each tube in which fermentation is to take place and the 
lube centrifuged rapidly for a few minutes. The supernatant 
water is then -poured off and the tube inverted at an angle 
of 60° for 20-30 minutes, when practically all the wafei 
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flows down the sides of llie lube. Before the plasma is added 
for fermentation the inside of the tube is dried off with 
blotting paper. The plasma is then added and the yeast mass 
at the bottom of the lube carefully stirred with a glass rod 
and mixed with the plasma. This method was earlier in- 
troduced by Corcoran and Page (1939). It was not 
possible to note any dilution of the sample in repealed tests 
with this method. Neither inulin solution fermented in tills 
way nor unfennenled showed any difference apart from the 
analytical error. 

Chasis, Redish, Goldring, Ranges and Smith 
(1915) staled that on re-examination of the inulin determina- 
tion method it was shown that from a solution of repeatedly 
recrysl alii zed inulin (thus definitely fructose-free) a certain 
measurable quantity of the inulin was absorbed by the yeast 
and the yield was therefore loo low. If both the plasma and' 
the urine are fermented the sources of error are practically 
negligeable. The present writer paid due attention to this 
fact but was not able to find anv significant decrease in the 
inulin concentration after fermentation either with pure 
inulin solutions or with inulin added Lo the urine: the ferm- 
ented and unfennenled samples showed no perceptible dif- 
ferences. 

Such an investigation with the method used here was more 
difficult lo perform in the blood, since unfennenled plasma 
samples gave such high blanks that a direct comparison with 
fermented samples was impossible (an unfennenled plasma 
sample gives a blue colour corresponding to 6-10 mg of 
inulin). If, however, the inulin is not absorbed by the yeast 
in pure inulin solutions or in urine and inulin mixtures, 
there is scarcely reason lo believe that this would be the case 
if the inulin was mixed with the plasma. 

Slop II. In the original method, precipitation of protein 
according lo Fuji l a and Iwalakc (1931) with CdSO. t 
and NaOIi is prescribed. Owing to the difficulty of obtain- 
ing cadmium sulphate during the war, and since this precipi- 
tation method is cumbersome, the writer was forced lo use 
another method. Soraogyi’s (1930) precipitation with zinc 
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hydroxide, which is easy to carry out, was therefore chosen. 
According to A lying, Rubin and Miller (1939) tungstic 
acid cannot be used since a precipitate occurs on boiling, 
neither are trichloracetic acid or mercuric chloride satis- 
factory as the blanks are too high. 

Step III. According to the original method, healing in the 
water bath should take place in sealed glass vessels, and 
A lying, Rubin and Miller therefore used specially 
constructed test-tubes which, however, were unobtainable in 
Sweden. The writer therefore tried out glass tubes stoppered 
with many different kinds of rubber corks without success 
since the solutions became opalescent and caused very vary- 
ing results. The reason for this is unknown, since Rojel 
(1942) and Laake (1945) were able to use this procedure 
and did not mention any disturbing opalescence. The writer 
instead used ampoules of Pyrex glass with a volume of 30 ml 
and provided with necks 20 cm long. After filling them, the 
extremity of the neck was sealed by' melting. After boiling 
they'- were opened with an ordinary ampoule file. It was 
possible in this way to use the ampoules about ten times 
and when the »neck» was used up a new one could be melted 
on at very low cost. A similar procedure appears to have 
been used by other workers (Jensen 1942). 

Step IV. The boiling lime in sealed ampoules can scarcely 
be. brought lower than 60 minutes as otherwise the hy'drolysis 
may' be incomplete (Ho gem an 1943). Jensen (1942), 
who used propanol in a mixture of diphenydamine and hydro- 
chloric acid instead of ethanol, since the former — owing 
to its higher boiling point — evaporated less than the latter 
and the risk of explosion of the tube is therefore, diminished, 
also found a boiling time of 60 minutes most suitable. It is 
true that he found an increased colour intensity in the inulin 
sample if boiling was continued beyond this period, but this 
can be explained by the fact that after 60 minutes the blank 
assumes a more intense colour in the same proportion, so 
that the figures read off against it then become constant. 
Step V. Reading-off takes place in a Pulphrich stufenphoto- 
meter since the photoelectric colorimeter, prescribed by the 
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original writers, was unobtainable. Either filter S61 or S66 
can be used since the maximum light absolution of the blue 
colour formed lies at 630 m g The samples should be read 
off within 15 minutes as otherwise precipitation of the pig- 
ment gradually lakes place, particularly if the concentration 
is high. Moreover, the colour slowly begins to fade after 
this lime (La alee 1945). 

The Accuracy of the Inulin Determination 

In the case of inulin, no yield experiments in the usual 
sense were made since such experiments have been made 
earlier by' a number of workers (Corcoran and Page 
1939, A I ring, Rubin and Miller 1939.. S p uliler 1943, 
Laakc 1945, and others). The present writer has, how- 
ever, carried onl a series of determinations in the urine and 
in plasma with varying glucose concentrations with the ob- 
jecL of checking the method, particularly with regard to fer- 
mentation. In addition, the error of measurement was cal- 
culated on the basis of double determinations. 

In the first experiments the writer used four different 
inulin solutions, with a respective inulin concentration of 
220, 170, 110 and 51 mg per cent. 1:10 dilutions of these 
solutions were made with urine, normal plasma and plasma 
to which glucose was added to a concentration of 300-400 mg 
per cent, thus altogether three different series. The inulin 
concentration in these scries was thus 22, 17, 11 and. 5.1 mg 
per cent respectively. 

The plasma samples in both series were fermented in the 
usual way for 45 minutes at 3S° C whereas the urine samples 
were not fermented, in accordance with the method described 
(v. p. 65). 

Two series were made with plasma in order to ascertain 
whether the fermentation process was sufficient even for 
high plasma concentrations of glucose. 

. The results of these experiments are seen in Table VII. The 
percentage error varied between —2.9 and — 3.4 per cent, 
the values throughout being somewhat loo low for plasma 
and slightly' Loo high for the urine tests. Two factors can 




























71 


contribute lo these lower figures in the plasma tests. A cer- 
tain small dilution can occur in the samples through the 
fermentation process, and the yeasL can possibly absorb 
some part of the inulin. as C has is eL al. (19-15) consider 
themselves to have demonstrated. The differences ' are never- 
theless usually so small that these two factors cannoL be 
considered to affect the usefulness of the method lo any 
great extent. 

The error of measurement. The calculations are based on 
17(5 double determinations in the plasma and 178 in the 
urine. Fewer sub-groups were made here than in the iodine 
determinations, but the classification was also done here with 
regard to the normal level in the healthy individuals (ex- 
pressed as the cxtinclion coefficient x 1000). 

Table VIII 


Error of measurement (gj) of innlin determinations, computed from 
double determinations on blood plasma. 


Concentration : 
coefficient of 
extinction (E]{)x 1000 

Number 

Mean 

Error of 

measurement 

( c i) 

c i 

in per cent 
of the mean 

0 — 239 

11 

200.1 

7.0 

3.00 

240 — 470 


053.7 

S.l 

2.29 

4S0 — 950 


GS2.3 

9.75 

1.43 

> oeo 

12 

1220.S 

24. S 

2.03 


Table IX 

Error of measurement (gj) of innlin determinations, computed from 
double determinations on urine. 


Concentration: 
coefficient of 
extinction(Ek)Xl000 

Number 

Mean 

Error of 

measurement 

<°i> 

c i 

in per cent 
of the mean 

0 — 239 

01 

172.1 

S.7 

5.00 

240 - 479 

91 

« 320.1 

7.7 

2.41 

2: 4 SO 

20 

030.3 

S.G 

1.30 
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Tables VIII and IX show the mean figures, the errors of 
measurement and the percentage errors of the different 
groups. The percentage error in the plasma tests is 3.69- 
1.43 per cent and in the urine tests 5.06-1.36 per cent. In 
both groups of tests the percentage error is larger in low 
concentrations, which was to he expected. 

Quantitative Creatinine Determination 

The> present writer did not make a closer study of the 
various methods of creatinine determination but used that 
in current use at the University Hospital in Upsala (accord- 
ing to Reh berg 1926) based on Jaffe’ s colour reaction 
with picric acid in an alkaline solution. The determination 
is made on the urine or a suitable dilution of it (e.g. 1:2 
or 1:10) if if is concentrated, and on plasma but not on 
haemolyzed blood. The reason that the blood must not be 
liaemolyzed is that, as mentioned earlier (v. Chapter I) a 
chromogenic substance is present in the blood corpuscles 
that does not consist of creatinine and that on haemolysis 
can be absorbed by the plasma and give loo high a figure 
for the Jaffe reaction. In uraemia too high creatinine figures 
can also be obtained with this method owing to the fact 
that certain retention substances, probably phenols, can in- 
terfere and give a positive Jaffe reaction. In routine deter-j 
minations the error of measurement, according to the Central 
Laboratory of the Hospital, is about 8 per cent with low 
figures and still lower when the creatinine concentration 
rises above 15 mg per cent.- The conditions are the same 
for determinations both on urine and on plasma. 

Quantitative Urea Nitrogen Determination 

- For this determination the writer also used the current 
melhdd of the. University Hospital in Upsala, i.e. that of 
W. 0 hi son (1940). Its principle is: after precipitation oi 
the proteins, the urea nitrogen in the blood is transferred by- 
means of urease to ammonia bicarbonate. The nitrogen con- 
centration is then determined color imelricalty after nessleriza-j 
lion. 1 
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The clelerminalion can be made both on plasma and on 
urine. The Jailer should, however, be diluted 10-20 limes 
before Ihe determination. After the writer had used this 
method for several years, its originator pointed out that the 
figures for the urine are usually loo low unless plasma is 
added to the urine sample. He therefore recommended the 
following procedure: the determination is made both on 0.2 
ml of plasma (or whole blood) and on 0.2 ml of dilute urine 
to which 0.2 ml of plasma (or whole blood) is added. In the 
former case the concentration of urea nitrogen is obtained 
directly by the formula given. In the latter case it is neces- 
sary to subtract the amount of urea nitrogen present in the 
plasma (or whole blood) added to the urine sample. The 
reason for this procedure is that otherwise loo low a figure 
is obtained for the urine, probably owing to the fact lhal loo 
few colloids are present. 

Since the present writer was not aware of the facts in 
the foregoing until the majority of the determinations were 
a 1 read}- made, it was not possible to change Ihe method for 
the remaining cases. The figures for urea clearance are 
therefore in all probability loo low in relation to those of 
other authors. In the experiments lhal were later carried 
out to control the sensitivity of the method in its original 
form used by the present writer, the error was found lo be 
approximately 10 per cent, somewhat higher in the urine 
than in the plasma determinations. The conditions arc the 
same here as for creatinine determinations, i.c. the percentage 
error is proportionately greater at low Ilian at high concentra- 
tions. The probable reason is that at low concentrations 
the colorimetry is more uncertain and the error in reading- 
off thus greater. 

9 

Haematocrit Determination 

The haematocril determinations in the present investigation 
were earned out with the method later published by Nils- 
son (19‘1S), i.e. in capillary lubes 50 min long and with an 
inner diameter of 0.5 mm, placed in a specially constructed 
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centrifuge capsule. The centrifugal speed was approximately 
(>.500 revs/min and the lime 10 minutes. Duplicate deter- 
minations were always made and the figure given for the 
respective cases was the mean figure. The differences, if 
such occurred, were not usually greater than one per cent. 
Heparinized blood was used, since it has been shown (Vahl- 
qnist 1941) that heparin does noL affect the haematocril 
figure. 


The Water Test According to Volhard and Strauss 

Of the various water and concentration tests in use for 
the investigation of renal funclion, the writer chose the dilu- 
tion and concentration test according to Volhard and. 
Strauss (1927), since it has been the standard test for 
many years in the Medical Department of the University 
Hospital in Upsala and the hospital personnel are therefore 
familiar with it. 

Method. No fluid is given , after S p.m. on the evening 
preceding the lest. On the following morning the bladder is 
emptied at 7 a.m. The body weight is noted. BeLween 7 and 
7.30 a.m. the patient drinks one litre of water. The urine is 
then collected every 30 minutes between 8 a.m. and 12 noon 
and thereafter every two hours until 8 p.m. The night urine 
between 8 p.m. and 8 a.m. on the following day is collected 
in one 'vessel and the test is concluded by weighing the patient. 
No fluid other than the water given in the morning is allowed 
during the 24 hours of the lest, but dry food is given. The 
portions of urine are measured and the specific gravity of 
each portion determined and corrected for temperature and 
possible protein in the urine sample. The volume and speci- 
fic gravity of the respective portions of urine are entered m 
a table together with the following data: greatest dilution and 
greatest concentration; volume of excreted urine during the 
first two and four hours respectively, and the 24-hour volume. 
The patient is weighed in order to control the fluid balance of 
the body, dehydration, oedema, etc. 
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Statistical Methods 


In the statistical I real men I of the material current statistical 
methods were employed. 

The standard deviation ( 0 ) was calculated according to the 
formula: 

a = + 

where a designates the deviation from the mean and n the 
number of observations. When n exceeded 50, the standard 
deviation was calculated simply by using n instead of n- 1. 

The standard error of the mean, v(M). was calculated from 
the formula: 

z(M) = ± ; 

1 « 



The standard error of a percentage value, e (/■*) . was calculated 
according to the formula: 

where n indicates the number of individuals and I 1 is the per- 
centage value. 

The standard error of a difference. e(/J), was calculated from 
I he formula: 

z(D) = ±I / S a (il/ 1 ) + Z-OL) 


where r(d/,| and indicate the standard errors of the two 

series between which the subtraction was made. 

The coefficient of correlation, r, was calculated from the 
formula: 


ffjr 

O r 


where and u designate the distances of the x and // values 
from the arithmetical means of the respective series, o £ and a (/ 
the standard deviations of the series and n the number of 
observations. 

The standard error of the coefficient of correlation e|r). was 
computed from the formula: 

-i 0 

£ 0 ') = ± ~ r ' 

V 17 
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The Method Used for the Clearance Determinations 

Willi the methods used by the writer it was possible to 
determine the inulin and diodrast clearances simultaneously, 
besides which in approximate^ 50 per cent of the material 
the urea clearance was determined at the same time and the 
creatinine clearance in about 50 per cent. Only in excep- 
tional cases were these four clearance determinations made 
simultaneously, since it would have been impossible for one 
person to perforin all these tests in one da3 r as was necessary 
for technical reasons. The water test could obviously not be 
made on the same day r as the clearance determinations but 
took place on the previous day or — more frequently — on 
the following. Reading of the blood pressure, haemoglobin 
determination and the blood counts were carried out either 
in the morning of the investigation or, if the figures had been 
constant for some lime, on the day before or after the clear- 
' ance determinations. 

Method. The test is always made in the morning before 
the patient has eaten and is either in bed or in a half- 
recumbent position. Half an hour before the test, which is 
made at 8 a.m., the subject is given % to 3 /i of a litre of 
water to drink during tills time. Healtlry subjects or those 
only slightly ill are allowed to get up for urination. If there 
is any difficulty in urinating, catheterization is performed, 
preceded and followed by washing out of the bladder. 

At S a.m. venipuncture is performed with the removal of 
8-10 ml of blood for a blank test. All the blood samples are 
heparinized. The needle is allowed to remain in position in 
the vein and after removal of the syringe, the tube of a largci . 
syringe is attached in which 50 ml of a 10 per cent solution of 
inulin and 10 ml of a 50 per cent solution of hippodin 1 (oi 
dijodon) have previously been mixed. This is injected slowh 
(during 5-7 minutes). Immediately after the injection, 3 g 
of creatinine, dissolved in water, is administered oralty if { i ie 
creatinine clearance is to be determined. 
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Afler one hour Hie bladder is emplied, either spontaneously 
or, if necessary, by means of catheterization followed by 
washing out of the bladder with 50 ml of physiological saline 
solution. The time is noted. The bladder is emplied there- 
after every 20 minutes three limes, the time of urination being 
noted. If for some reason the bladder is not emplied at 
intervals of exactly 20 minutes, this is of minor importance 
provided that the exact time is known. Correction for the 
deviations in lime can be made later. Exactly three minutes 
before the middle of each clearance period, venipuncture is 
made and 15-20 ml of blood withdrawn. Altogether three 
samples of venous blood are taken, exclusive of the blank. 
The samples are centrifuged and inulin, iodine and possibly 
creatinine and urea nitrogen determinations arc thereafter 
made on the plasma. The volume of the urine is measured 
and the same determinations arc made on suitable dilutions 
'v. Analytical Methods). The respective clearances arc then 
calculated according to the customarv formula: Cl u x v 

i> 

The calculations of the urea clearance are made according 
to the formula on page 21, i.e. the ^maximum or ^standard- 
clearance is obtained. 


Diagram showing (he procedure (or (he clearance iesis 
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JVPr, — venipuncture; the time is noted. 

Urine I-I1I — the three consecutive urine samples with the 
time for the emptying of the bladder, T r T|, noted exactly. 


1 The brand of inulin used was manufactured by A. 13. Aslra, Soder- 
liilje, Sweden, and the hippodin and dijodon by A.B. iLeo, lialsingborg, 
Sweden. 
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Is it Possible to Use a Single Intravenous Injection for 
Clearance Determinations? 

Since creatinine is administered orally and urea is already 
present in the plasma, this problem is concerned with inulin 
and diodrasl 1 i.c. the two substances of which a single in- 
travenous dose is injected at the beginning of the lest. 

Originally, continuous intravenous infusion of dilute inulin 
and diodrasl solution was used and it was thus possible to 
maintain the plasma concentration of the respective substance 
at a desired level and practically constant during the time 
required for the test (Smith ct al. 1938). This procedure 
nevertheless entailed catheterization followed by washing out 
of the bladder in order to ensure that it was completely emp- 
tied. thus necessitating the aid ol' two or three people in- the 
performance of the lest. A considerable simplification of the 
method for inulin determination was introduced by Alving 
and Miller (1910) who showed that the clearance could be 
calculated as well from a falling concentration curve after 
a single injection of inulin. Using Ibis method, described by 
the present writer in the foregoing, it is usually" possible to 
avoid catheterization and subsequent washing out of the 
bladder and the lest can thus be made by" one person. The 
method has therefore been used for the determination of 
inulin clearance with as satisfactory" results as after con- 
tinuous infusion (Alving and Miller 19-10, Joseph son 
and Lindahl 1913, Hog era an 1913, Ahlborg 1910, 
and others). 

Conditions are somewhat different for the determination of 
diodrasl (hippuran) clearance. Findley' and W bite (1910), 
who considered the continuous infusion technique to be cum- 
bersome and lengthy", used a subcutaneous injection of 
diodrasl diluted 2-3 times with physiological saline solution 
in order to avoid local irritation and pain. Three patients 
were examined using this method and the diodrasl clearance 

1 In this discussion and in the following the term diodrast is used 
irrespective of whether diodrast or hippuran is referred to, in as much 
as these substances are excreted in an identical manner. 
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figures were Ihcn on Ihc same level as that given by other 
workers after continuous infusion. They even made a control 
determination on one patient using the latter method and 
found the figures to be the same as after subcutaneous injec- 
tion. Their tables, nevertheless, show that in all three patients 
the figure for the diodrast clearance in the third period 
(three clearance periods of 30 minutes each) was the lowest 
of the figures obtained. Hildcn (19*16) used the same 
method on a large material of healthy individuals, nephritic 
and hypertensive patients, making determinations for two 
clearance periods of 30 minutes each. The mean value for 
the diodrast clearance for 24 healthy individuals (12 men 
and 12 women) was in agreement with that found b} r other 
workers using continuous infusion. To the present writer it 
seems, however, remarkable that 22 of these 2-1 individuals 
had lower figures in the second than in the 1’irsL period and 
onlj' in two cases (9 per cent) were the conditions reversed. 
The iodine concentration in the plasma was between 2-0.0 
mg per cent, judging from a graph showing the course of 
the concentration curves in eight patients (1 men and 1 
women). The same conditions appear to be present in the 
patients with renal disease, according to Hildcn’s tables. The 
number of cases with a higher clearance value in the second 
period was, however, larger than in his normal material — 
of 173 clearance periods it was higher in 62, i.e. 36 per cent 
— but the majority showed higher figures in the first period. 
It should, nevertheless, be pointed out that the values in the 
majority of these patients were lower than those of the 
healthy individuals. 

.Toscplison (1911, 1915, 1947) used intramuscular in- 
jections of diodrast and obtained clearance values in agree- 
ment with those obtained after continuous infusion. Of 
six healthy individuals, four showed the same fall in clear- 
ance from one period to another if those periods are counted 
that were taken 50 minutes after the injection and later when 
the plasma concentration curve definitely falls. The iodine 
concentration in these cases was between 5.52 and 3.5 mg 
per cent. 
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A fourth way of administering iodine contrast is by means 
of a single intravenous injection. As mentioned in the forego- 
ing, this method lias been used by the writer since 1942. 
The reason is that it is then possible to inject the contrast 
medium at the same time as the inulin and thus to avoid 
intramuscular or subcutaneous injection which is always 
accompanied by some trouble, tension or pain at the site of 
injection, discomfort in walking, elc. Following intravenous 
injection Ihe patients usually suffered no discomfort whatso- 
ever. Less than one per cent complained during the injection 
of general symptoms, vertigo, a sensation of heat in the neck 
or the abdomen or occasionally of nausea. 

Single intravenous injections have also been used by other 
workers (White. Findley and Edwards 19-10, Hi I den 
1913). With this method lower values were obtained through- 
out for the diodrasl clearance than with other methods of 
administration (continuous infusion, subcutaneous or intra- 
muscular injection). Moreover, the same circumstance can 
be observed after single intravenous as after subcutaneous or 
intramuscular injection, i.e. the clearance value usually falls 
from one period lo the next, the highest figure occurring in 
the first and the lowest in the last period. In the present 
writer’s investigations the plasma concentration of iodine in 
normal individuals was between 1.5 and 0.4 mg per cent. 

The following two problems arise when a single intravenous 
injection of iodine contrast is used. 1) Why are ihc diodrasl 
clearance values lower after this form of administration than 
after others? 2) Why is the clearance as a rule lower in 
each successive period after a single intravenous injection, 
a phenomenon that also fairly" often occurs after both sub- 
cutaneous and intramuscular injections? 

Since both these problems are intimately connected, they 
will be discussed together. As far as the present writer has 
been able to ascertain, the former question has only earlier 
been discussed in one publication, i.e. that of Josephson 
(1947). He found that in two of three 'healthy individuals 
investigated, the diodrasl clearance was lower following in- 
travenous injection than after intramuscular injection. He 
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also stales: :> however, the phenomenon with llic lower 
diodrasL clearance level, when stabilized after an intravenous 
diodrasl injection, proved to be seldom occurring*. He con- 
sidered the explanation of this ^depressions after intravenous 
injection to be either a spasm in the efferent arterioles with 
a decreased renal blood flow and an increased filtration 
pressure in the glomeruli, or a . back diffusion ■ of -diodrasl 
or Mnost likely an inability of the exhausted tubular cells 
to clear the plasma from all diodrasl present even when the 
concentration had fallen to a very low Jevel. This last- 
mentioned hypothesis is, nevertheless, in part contradicted by 
some of .losephson’s own experiments with combined intra- 
muscular injection and a large intravenous dose of iodine con- 
trast about one hour later. After the plasma concentration 
had fallen following the latter injection, the diodrasl clear- 
ance value was the same as after the intramuscular injection 
• when the plasma concentration is never on a high level and 
the tubules can not thus have been previously exhausted . 
Another contradiction to the theory of tubular exhaustion is 
found in the fact that as regards creatinine, which probably 
is also excreted bv tubular secretion. Shannon (193.)' 
was able to demonstrate that no exhaustion mechanism 
existed. According to Shannon and Fisher (1938' the 
conditions are the same in respect of the reabsorplivc capacity 
of the tubules for glucose. 

During the writer's work with diodrasl clearance deter- 
minations on falling concentration curves alter a single intra- 
venous injection, it was repeatedly found that the clearance 
value showed a most marked tendency to fall in each succes- 
sive period in the case of healthy or practically healthy kid- 
neys. The concentration of the iodine contrast in the plasma 
was between 1.5 and 0.1 mg per cent. In the case of persons 
with diseased kidneys, in whom several symptoms indicated 
impaired function, the diodrasl clearance values did not show 
the same tendency to fall in each successive period. The 
differences in concentration for the mean plasma concentra- 
tion in the various clearance periods were less and the con- 
centration level in the plasma was higher than in normal 
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individuals. On the basis of these observations, the writer 
came to the following conclusion. Both the question of the 
lower clearance following a single intravenous injection and 
of the fall in each successive period at falling plasma con- 
centrations (after intramuscular, subcutaneous or a single 
intravenous injection) are correlated and can be conditioned 
by three factors, i.e. 

A. The level of the concentration. 

B. The protein-binding of the iodine contrast. 

C. The fall in, concentration per sc. 

That the level of the concentration can be of importance 
for the size of the clearance value is evident from the figures 
obtained after subcutaneous, intramuscular and single in- 
travenous injections. If the concentrations are confined to 
below 5 mg per cent — above which level » self-depression - 
starts to occur and causes the clearance values to fall through 
tills special mechanism — the figures are highest between 
4 and 5 mg per cent and then fall in proportion to the 
decrease in the plasma concentration. This is illustrated by 

Table X 

Diodrast cloarauco (Clp) and innlin clearance (Clf U ) of 6 healthy human 
subjects sininltanoonsly determined after one intraglntoal iujection of 
20 ml 35% ninbradll (= diodrast). Length of periods about 20 min. The 
’’peak” of tbo blood concentration curves coincides with the periods 2-3. 

(Quoted from B. Joscplison, Acta Med. Scaud. 128 : 51S, 1947). 
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Table X which gives the clearance values in each period and 
the corresponding values for the inulin clearance of the res- 
pective individuals (taken from Josephs on's 1917 publica- 
tion). Each period is approximately 20 minutes, the first 
starting 10 minutes after the intramuscular injection. It is 
seen that in four of the six persons investigated, the first two 
periods show rising figures, possibly owing to the fact that 


Cone 



Time 


Fiy 2. Diagram showing the values for inulin clearance (upper curve) 
and diodrast clearance (lower curve) at intravenous infusion (thick 
lines) and on falling concentration curve (thin lines). The figures in- 
dicate clearances in ml per min. The concentration of inulin in plasma 
is marked ns the extinction coefficient, that of diodrast is obtained 
in mg % by multiplying the marked concentration with 5. 



84 


(lie »self-depressiou:> cxerls a successively decreasing influ- 
ence. As a mailer of fact the figures then reach a maximum 
and thereafter fall gradually as the plasma concentration falls. 

Ill order to investigate whether the concentration level is 
of importance for the size of the clearance value, it is 
necessary to perform tests on the same individual with 
constant plasma concentrations at varying levels. No results 
of such investigations appear to be published. The writer 
therefore made such an experiment on himself (v. fig 2). 
50 ml of a 10 per cent inulin solution and 10 ml of a 35 
per cent diodrasl solution were administered in a single in- 
travenous dose. After 20 minutes two clearance periods of 
20 minutes each were made on a falling concentration curve. 
Intravenous infusion was then introduced and the plasma 
Cone 
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Cone 



concentration kept almost constant during 50-60 minutes. 
Two clearance periods were made during this lime and the 
infusion slopped at llic end of the second period. The plasma 
concentration was then once more allowed to fall for 10 
minutes and two further clearance tests noted during this 
lime. The infusion was once more introduced and the plasma 
eoncenlraliop again kept almost constant l'or 10 minutes so 
that two further clearance periods could be registered. It 
was possible in this way to obtain clearance determinations 
on the same individual at two different, almost constant, 
plasma concentrations. The results are seen in fig 2 in 
which the plasma concentration curve is also drawn. 

The experiment showed that the clearance values were 
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highest, during the lime of Ihc conlinuous infusion and that 
Ihcy become increasingly lower with falling plasma con- 
centrations. Moreover, it was observed that if the level of 
iodine contrast rises during the course of the infusion, the 
clearance value also rises. 

Two oilier similar experiments were made afler an initial 
single injection but the falling concentration curve was then 
only interrupted once by means of introduction of conlinuous 
infusion (figs. 3 and 4). In one experiment the concentration 
rose very slowly during this time and in the oilier it fell. 
Nevertheless, both experiments demonstrated that when a 
continuous infusion is introduced, the clearance rises and the 
absolute values depend on whether the iodine concentra- 
tion in the plasma rises or falls during this lime. 

The three foremcnlioned experiments were made afler a 
single intravenous injection had been given and the concentra- 
tion of iodine contrast had thus fallen from a relatively high 
level (15-20 mg per cent) to 1-2 mg per cent. Thus shortly 
after the injection, the plasma concentration was so high 
that the tubular cells performed a maximal secretion of 
the contrast. Despite this certainty short hut nevertheless 
maximal output, no signs of > exhaustions appeared. If con- 
tinuous infusion was introduced and the plasqia concentration 
of iodine was raised in order to obtain a constant level, the 
clearance value immediately rose. The experiments thus in- 
dicate that no exhaustion occurs in the secretory power of the 
tubular cells at least after a short maximal work and such a 
mechanism must therefore be considered as a less probable 
reason for the lower clearance values afler a single intra- 
venous injection. 

There are thus three remaining possible explanations. One 
is that a spasm occurs in the afferent or efferent arterioles 
and that less blood therefore flows through the kidney at 
falling concentrations. Another is that the tubular cells re- 
quire a certain lime to adapt themselves to the output when 
the plasma concentration changes. The last possibility is that 
the whole blood is less effectively freed at falling concentra- 
tions of the iodine contrast. 
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The first possibility, i.e. a spasm in the afferent or efferent 
arterioles, can probably be excluded from the discussion on 
the following grounds. The inulin concentration and niulin 
clearance were determined simultaneously with the diodrasl 
clearance in the three formentioned experiments and the 
inulin clearance then proved to be practically mdepenc en 
of the level of the inulin concentration, of a fall in it or ds 
constancy. On the other hand, the filtration fraction change! 
so that it became consistently lowest when the plasma con- 
centration of inulin and diodrasl was maintained at a constant 
or almost constant level. Tliis means that a spasm m the 
afferent arterioles could not occur, since the filtration would 
then fall to the same extent Lliat the diodrasl clearance fell. 
On the other hand, an increased tonus in the efferent 
arterioles at falling iodine concentration in the plasma could 
explain this phenomenon, bul it would then be necessary, 
for this to increase more as the iodine level decreases. Weie 
the conditions reversed, i.e. an increased tonus at increasing 
concentrations, it would be more understandable. 

The second possibility, i.e. the existence of a 'dime factor > 
allowing the tubular cells to »adapb themselves to the change 
in the iodine concentration in the plasma, is also dilficull 
lo accept. It is seen from the reproduction of the curves (v. 
figs. 2-1) that the diodrasl clearance rapidly rises Lo a »nor- 
mab level if the concentration in the plasma is conslanL 
or nearly constant. This is, however, Lo a small degiec 
dependent on the actual level of the concentration. 1L is 
true that if the plasma concentration is higher during con- 
tinuous infusion (n.l). nevertheless always below 5 mg pci 
cent) Lhe clearance' figure is higher. The differences are, 
however, considerably smaller than in Lhe figures at tailing 
plasma concentrations when no increment of iodine contrast 
is administered. Moreover, should a lime factor be Lhe only 
decisive factor in this fall in the clearance level, iL should 
become less and less pronounced the lower the concentra- 
tion, since at a falling concentration the curve for the con- 
centration in the plasma increasingly approaches a horizontal 
line. The differences in the plasma concentration become 
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therefore successively smaller for each period and the clear- 
ance value should therefore become increasing!}- higher and 
not vice versa. 

The third possibility is that the blood is less effectively 
freed from the contrast at falling concentrations. This in turn 
would depend either on the presence of part of the iodine 
contrast in the blood corpuscles, which would slowly deliver 
this substance to the plasma, or a certain quantity of the 
contrast being bound to the plasma proteins. 

The first hypothesis was studied by White, Findley 
and Edwards (1940). They considered that some part of 
the diodrast penetrated intp the red blood corpuscles and 
that the quotient of the ratio: 

diodrast per 100 cc arterial cell water 

— — = 0.32 

diodrast per 100 cc arterial plasma water 

This quotient then increased at falling concentrations of the 
contrast in the blood. This was interpreted as depending on 
the fact that the diffusion of the contrast from the blood, 
corpuscles to the plasma takes place slowly, and more slowly 
than the fall in the plasma concentration. 

The present writer also investigated this condition in the 
venous blood at falling concentration curves but was unable 
to observe any appreciable increase in this quotient. It 
showed a mean figure of 0.33 in the determinations in eight 
healthy individuals at an iodine concentration of 3-5 mg per 
cent and rose to a mean figure of 0.34 in the same individuals 
after the iodine concentration had fallen to 1-2 mg per 
cent after 40 minutes. On the other hand, this investigation 
showed that part of the iodine contrast — approximately 30 
per cent — diffuses into the blood corpuscles, but this can 
not explain why the clearance' falls at falling plasma concen- 
trations of iodine. The s iodine concentration determined in 
the venous blood at a gi-ven moment is practically identical 
to that in the renal arterial blood at the same moment 
although, of course, there must be some difference. Since 
an equilibrium has already occurred in the relation between 
the iodine in the plasma and the iodine in the blood cor- 
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Figs. 5 and 6. Diagram showing the fall of concentration in isolations of 
plasma and diodrast (upper line) and of water and diodrast (lower line i 
of equal percentage during dialysis against physiological NaCl solution. 
The respective concentrations arc plotted on a semi-logarilhmical paper. 

Time in hours. 

puscles. and Ihe determination is made on plasma, there is 
no reason to assume that any furljier increment of iodine 
is delivered to the plasma from the corpuscles during the 
passage from the anlicubilal vein to the renal artery. If this 
were the case, the clearance should be higher when the 
blood concentration falls and not vice versa. 
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The possibility that the cause is the binding of pari of 
the contrast to the plasma proteins is left. Thai this actually 
occurs has been shown by Smith and Smith (1938) who 
found that about 70 per cent of diodrasl and 50 per cent of 
hjppuran are thus bound. The present writer investigated 
this condition by means of simple dialysis experiments under 
the same conditions with a water and diodrasl solution and 
with a diodrasl and plasma solution of equal strength. The 
results are seen in figs. 5 and 0 (v. p. SO). II is seen from 
these diagrams that the fall in diodrasl concentration is initi- 
ally almost identical in both, but that at lower concentrations 
the fall in concentration in the plasma and diodrasl solution 
becomes successively smaller so that the difference between 
the two curves becomes increasingly larger al lower concen- 
trations. 

The results ol' these dialysis experiments cannot, however, 
he applied directly to the conditions in the tubules — or 
rather in the border zone between the tubular cells and the 
surrounding capillary network. It is possible that the tubules 
excrete all the iodine contrast present in the blood — both 
that freely soluble and that bound to the plasma proteins — 
but it is also possible that the latter is not excreted, or at 
any rate only partially, during its passage through the kidney. 
Since that part of the contrast bound to the plasma proteins 
— - judging by the dialysis curves — becomes proportionately 
greater the lower the concentration of the contrast in the 
plasma, this could naturally explain why the clearance falls 
at falling concentrations. In order to prove this theory, it 
would be necessary to investigate the clearance at falling 
plasma concentrations for substances having an identical 
clearance level but which arc bound very differently to the 
plasma proteins. The present writer was not able to do ibis. 

A difficulty in this discussion is nevertheless the fact that 
those workers who determined the iodine concentration in 
the plasma according to some method in which precipitation 
of proteins was included and the concentration was thus 
determined on prolein-free filtrate; also found the same 
phenomenon, i.c. a falling clearance the lower the iodine 
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concentration in the filtrate. This can, naturally, be depen- 
dent either on the fact that this mechanism of binding plays 
no role in llie problem of the falling clearance or thaL on 
precipitation of the proteins the protein-bound fraction is 
freed from the protein and joins the filtrate. The process of 
excretion through the tubules is certainly noL comparable 
with the process in precipitation of proteins and our theories 
are therefore more or less confined to guesswork. 

Should, however, the same process lake place in vivo, it 
is hard to explain the decrease in diodrast clearance at 
falling plasma concentrations. Under such conditions there 
are only two courses open, i.c. to assume that the process 
lakes place in another way in vivo, or to allow this problem 
to remain unsolved. Since, however, we arc aware that pro- 
tein binding lakes place and that this occurrence can explain 
the phenomenon, the question of the activity of the tubular 
cells as regards protein-bound and freely soluble iodine con- 
trast must be left open until definite information can he 

* 

obtained. 

The writer has thus endeavoured to discuss those factors 
that can be thought to condition the successive decrease of 
the clearance at falling plasma concentrations. Iiis conclu- 
sion is that the most probable explanation is that this factor 
is the protein-binding of the iodine contrast, although this 
is not the only possible solution. Whatever the cause may be, 
it is nevertheless evident that this fall in the clearance occurs 
the more rapidly the fall in concentration lakes place in the 
plasma. This decrease takes place more rapidly and is more 
pronounced in a healthy individual than in one whose kidneys 
arc more or less impaired, when the excretion of the contrast 
is poorer, with a slower fall in the plasma concentration 
curve. This mechanism would thus be more effective in 
healthy than in diseased individuals and the figures for the 
former proportionately lower than for the latter had both 
been tested at constant plasma concentrations. In other 
words, the figures for the individuals with healthy kidneys 
are proportionately lower with this method (single intrave- 
nous injection and calculation on a falling concentration 



92 


curve) than for those with impaired kidneys and the dif- 
ferences between them consequently smaller than they actu- 
ally are. 

This can be considered as a moderate inconvenience from 
a diagnostic point of view. With regard to the present in- 
vestigation, it would mean that the differences, if such should 
occur, would be minimum figures and thus more reliable than 
those in the figures obtained. 

It is thus evident from the foregoing discussion that it is 
only possible to obtain clearance values that are constant from 
one period to another if the plasma concentration can be 
kept at the same level. Moreover, there is possibly a slight 
difference in the figures if the iodine concentration is main- 
tained at a high level (i.e. near the »depression limits) or 
at a low level, but this difference is very slight. In the case 
of healthy individuals, a continuous infusion of standardized 
composition and rate of flow can be expected to maintain 
a fairly constant plasma level in the blood. If, on the other 
hand, a standard solution is administered at a constant speed 
and function is severely impaired, the concentration of the 
infused substances rises in the plasma and the clearance rises 
successively the greater the number of clearance periods. 
The only possibility is then to repeat the investigation at a 
lower concentration or with a slower rate of infusion, hi 
ordinary clinical work this implies considerable difficulty, 
since the continuous infusion method is cumbersome and 
lengthy both for the examiner and for the patient. 

What is the effect when subcutaneous or intramuscular 
methods are used? In both cases, after an initial rising plasma 
concentration, a » peaks in the concentration curve occurs 
and thereafter a successive fall. The height of this »peak» 
and the rale at which the concentration curve falls depend 
on the rale of absorption in that tissue in which the substance 
is injected and on the extent of renal function as well as 
on the quantity injected. If a clearance period is obtained m 
which the »peak». of the concentration curve coincides with 
the middle of this period, the clearance value will be maximal 
and rising towards this figure before the »peak» and falling 
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thereafter, (n.b. if tlie »peak» is below the »self-depression» 
limit). The majority of workers who have used the intra- 
muscular or subcutaneous injection method have, however, 
waited -10-60 minutes after the injection before registering 
the first clearance period. The maximum of the concentra- 
tion curve has therefore already been passed and the curve 
falls successively. This also explains why those who have 
used this technique have obtained successively lower clear- 
ance figures. 

This tendency to lower clearance values in each successive 
period is naturally most pronounced after single intravenous 
injection, since Lhc iodine concentration in the plasma then 
falls more rapidly than after subcutaneous or intramuscular 
injections, but in principle they arc the same although they 
differ quantitatively. This also explains why, after an in- 
travenous injection, the clearance values are generally lower 
than with other methods used. The workers who used the 
last-mentioned technique nevertheless consider the subcuta- 
neous or intramuscular injection to be preferable, since it 
is then, possible to approach more nearly those figures given 
by Smith ct al. as normal values. In principle, however, 
there is no difference. It is also possible that after a careful 
study of this problem some correction factor might be ob- 
tained for the protein-binding aL falling concentration curves 
and the curve for the free iodine in the plasma (were this 
the decisive factor) could then be drawn. If this were pos- 
sible, any of the three methods would be equally satisfactory. 

The aim of the foregoing discussion was to ascertain 
whether calculation of the clearance is possible after a single 
intravenous injection. It is seen that considerable sources 
of error arise but it is nevertheless evident that the more 
impaired the function, the smaller are the errors. If, there- 
fore, using this method, differences arc found between in- 
dividuals or between groups, these differences are in reality 
greater than those obtained after comparison with a similar 
investigation of a normal material, for which the systematic 
errors arc greater and the figures proportionately lower. 



CHAPTER III 


SURVEY OF THE CASES INVESTIGATED 


The material consisted of the following groups: normal 
cases, acute and chronic nephritis, essential hypertension 
and a group with one functioning kidney. The groups were 
defined as follows: 

. Normal Cases. Individuals were considered as normal 
when there were no known symptoms of renal disease in 
their case-history and ordinary physical examination revealed 
no sign of disease. The principal part of this material con- 
sisted of healthy medical students, nurses and other female 
hospital personnel. Only a few were hospitalized- patients 
with no renal disease (e.g. suffering from eczema, lumbago) 
all out of bed and afebrile. There were 56 individuals. 30 
men. and 20 women aged between 15 and 47 years, the 
majority being in the age-group 20-30 years (v. Table XI). 

Acute Nephritis. This group comprised patients who. 
most frecjuentty following angina or some other infection 
of the upper respiratory tract, had sjmiptoms of acute renal 
disease with proteinuria, haematuria' and in many cases 
raised blood-pressure and or oedema and increased non-prp* 
tein nitrogen. In the case of one man, considerable sulphon- 
amide therapy had been given before his admission to hos- 
pital and renal injury owing to this medication could not 
therefore be eliminated. In two female patients, both over 
55 years of age. there was reason to believe that they had 



Normal ami pathological cases distributed according to age. Medians and qiiartiles are also given. 
Figures in brackets indlcato the number of deceased cases. 



Median 25.7 29.3 42.9 55.9 3S.0 

3 rd quartile 29.5 41.7 04.7 50.0 
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both had elevated blood pressure several years before the 
onset of acute nephritis. Since, however, this disease was 
severe and acute they were included in the material, as was 
another woman, aged 52, where in addition to nephritis there 
was unilateral pyonephrosis with impaired function of the 
kidney involved, determined by urography. 

The total number of patients in this group was 89 (51 
men, 38 women). Ten patients, two men and eight women, 
were hospitalized more than 90 days after the onset of the 
disease .and could therefore possibly be considered as sub- 
acute cases. Since, however, it is not possible to draw any 
sharp line between acute and sub-acute cases, their classifica- 
tion being more a matter of taste, they were also included. 
The majority of the other patients were hospitalized within 
30 days after the onset of the disease as is seen in the fol- 
lowing survey: 


Admitted after: Men Women 


5-10 days 

15 

7 

11-15 »'• 

10 

5 

16-20 » 

G 

S 

21-25 » 

5 

2 

26-30 » 

7 

4 

31-35 j- 

3 

1 

36-40 » 

1 

1 

41-90 » 

2 

2 

>91 9 

2 

S 


The majority of the patients were under 40 years of age, 
the youngest 13 years and the oldest 64 years old (v. Table 
XI). All the patients were treated in the Medical Depart- 
ment of the University Hospital in Upsala, with the excep 
lion of one man who was treated aL a military hospital m 
the town under the supervision of the writer v Several of 
them were cared for in their homes before their stay i J1 
hospital and a few others were at other hospitals for a short 
period. 
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Chronic Nephritis. II is sometimes difficult lo draw a 
dividing line belwpen acute and chronic nephritis. For the 
jnirposc of the present investigation, patients who had suf- 
fered from nephritis for a considerable lime fat least one 
year with the usual symptoms of this disease were considered 
as chronic eases. Retinal changes and cardiac hypertrophy 
can possibly he regarded as clinical signs of chronic nephri- 
tis. In some cases it was difficult lo differentiate clinically, 
between chronic nephritis and primary contracted kidney 
when no signs of an earlier nephritis or increased blood 
pressure were found or were noted in the case-history. 
Such put icn Is that had pronounced urinary changes and in 
which the renal symptoms predominated were therefore in- 
cluded in this group. $ 

This group consisted of I.S patients. 2o men and 23 women. 
In 21 cases there was definite proof that the renal disease 
had been present for more than 1 years and in a further 
11! eases between 1 and I years. In 11 cases the symptoms 
had been present for less than one year but all the clinical 
symptoms of chronic renal disease were apparent. Seventeen 
,9 men and S women) of the IS patients died later of uraemia. 
Post-mortem examination was performed on 10 of these 
and in every case the morbid-anatomical diagnosis was neph- 
riic irrhosis f/lnmrruloncpliriliai. For the age-distribution see 
Table XI. 


Essential Hypertension. This group consisted of palicnls 
without earlier known renal disease but whose blood pressure 
had either been raised for several years or who had suffered 
from subjective symptoms in the form of tachycardia, angina 
pectoris, headache, vertigo, or cerebral crises. Changes in 
the urine were less predominant and usually disappeared 
after a short slay in bed, thus indicating that they were 
caused more by cardiac than by renal factors. 

The entire group consisted of (52 cases, 20 men and 12 
women. There was a considerable predominance of women 
in this material. It must be emphasized, however. Lhal the 
cases were not selected froin the wards. 

7 



98 


In 20 of the cases iL was established that the disease had 
had a duration of more than four years, in 23 cases between 
one and four years. In Lhe remaining 19 cases the rise in 
blood pressure had been revealed accidentally in connexion 
with acute illness. 

Patients were classified as hypertensive when the systolic 
blood pressure exceeded 100 mm Hg and/or the diastolic 
pressure exceeded 90 mm Hg. 

Fourteen of the 62 patients died during or a short time 
after hospitalization. Post-mortem examination was per- 
formed in 12 cases and in every case the clinical diagnosis 
was confirmed. For the age-distribution see Table Xl. 

On* Functioning Kidney. Nineteen patients of this kind 
(9 men and 10 women) were investigated. Of these, l-l had 
been nephreclomizcd before the investigation: in 2 cases 8 
and 14 days respectively before, 2 within 2 years, one within 
3 years and another within 4 years before the investigation 
and the remaining S between 3 1/2 and 23 years previously. 
Five patients had not been operated on, but X-ray examina- 
tion revealed that only one kidney was functioning (deter- 
mined by urography). The majority of patients in this group 
were under the age of 50 years (v. Table XI). 



CHAPTER IV. 


NORMAL INDIVIDUALS 

As mentioned previously, the normal material consisted 
of 5(5 individuals. Reference is made to Table XI (p. 95) ■ 
for the distribution according to age and sex. Since all the 
determinations were not made in each case, the material 
was not suiTicientlv large to allow statistical calculations 
throughout for men and women separately. This was, how- 
ever, possible for several tests and it was then found thal 
no difference could be demonstrated between the sexes as 
regards inulin clearance, diodrasl clearance, systolic and 
diastolic blood pressure and the filtration fraction (F.F.). 
A difference in the haemalocril figures was nevertheless 
found, a fact earlier known and obviously connected with 
the long-established fact thal women have a smaller number 
of red blood corpuscles than men. Since the effective renal 
blood flow calculated is a function both of diodrasl clearance 
and of the haemalocril (v. p. l‘i; the difference in this fi- 
gure between the sexes is thus statistically significant. 

In the case of creatinine clearance, urea clearance and the 
concentration of urea nitrogen, the determinations in one or 
the other sex were loo few to permit a calculation of the 
standard deviation for each sex. The writer therefore procee- 
ded as follows. When Ihc material was too small for the 
calculation of the standard error for one sex only, the total 
material , of both sexes was used to calculate the standard 
deviation. The respective standard errors were then cal- 
culated from this standard deviation, using the number of 
individuals in each sex. "Flic standard error then certainly 
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becomes loo large: in oilier words, Ihc maximal standard 
error is obtained. As regards the calculations of the foremen- 
lioned tests, i.e. creatinine and urea clearance, there is no 
reason to assume a priori that there should be any difference 
between the sexes since there was no statistically significant 
difference in this material between the sexes in the case 
or inulin or diodrast clearance. Moreover, the mechanism 
for the excretion of these various substances is partly the 
same and partly lakes place by means of factors that are. in all 
probability not sex-linked, i.e. tubular reabsorplion, secretion 
or rediffusion. The same is probably true of fhe urea nitrogen 
concentration in the plasma. All Ihc normal values calculated 
for men and women separately, or for both sexes together# 
no statistically significant difference between them could 
be demonstrated, are found in Table XII. 

The normal value for inulin clearance, 121+2.2 for men, 
is in good agreement with the figures published elsewhere 
(v. survey, p. 38) as is that for women. 118.8 ±2.9. There 
was no statistically significant difference between Ijic sexes 
in the writer’s material, although Ihc figure for women was 
lower. There was previously only one series in which such 
a calculation could he made, i.e. that published by Smith 
(1943). He found the mean figure for men lo be 131 +2.63 
and for women 117 + 3.10. The difference was calculated 
by the present writer as 14 + 4.30 and is therefore statistically 
significant. The question of the normal variability will he 
discussed later. 

The present writer found the following normal values for 
diodrast clearance: 418.9± 7.0 for men and 436.4 + 10-0 f° r 
women, thus no statistical difference between the sexes. 
There is, nevertheless, a numerical difference (-2.S per cent) 
which, although it is far from, statistically significant, is in 
Ihc same direction but of a smaller order of magnitude than 
thill found by Smil h (1943), (-12.3 per cent). II is possible 
that if the present writer's material had been larger a grealci 
difference would also have been found. Hilden (1946) 
likewise did not find any difference between the sexes in 
this respect, but his material was smaller than the present 



Table XII. Mean (M), standard, error of the moan (s) and standard deviation (a) 
in different tests for adult normal meij and women. 
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writer’s. Il can only be said that if a difference between 
the two sexes does exist, it cannot be very great. As regards 
the absolute values, those given here are lower than those 
of the majority of workers but this depends on the technique 
used for injection of the iodine contrast and possibly to some 
extent on the preparation used. Those workers who used 
a single intravenous dose (White et al., Hi 1 den) as did 
the present writer, give a value around 410. This is approxim- 
ately of the* same order of magnitude as the figures in. the 
present investigation. After subcutaneous injection, and 
particularly after continuous intravenous infusion, the figures 
are higher but the variability is also greater. It is also pos- 
sible, as mentioned previously, that the nature of the iodine 
preparation could contribute to figures that are lower than 
those of the majority of workers. In the present investigation 
hippuran was used as a rule, and according to E 1 s o m el a'l. 
(1931, 1936, 1937) and' Smith et al. (1938) hippuric acid 
iodine gives a lower clearance than pyridine-iodine com- 
pounds (per-abrodil, diodrasl). The difference is nevertheless 
extremely small, and the writer — who in many cases made 
clearance tests with both preparations on the same subject 
but on different <k\ys — was unable to find any perceptible 
difference between them. 

Creatinine clearance was only investigated in 6 men and 
the mean value was 117. This is low in comparison with 
the value for women, 150.4 ± 5.1 on whom the majority of 
tests were made, but can possibly be due to the fact that 
the tests on men were made with a different creatinine pre- 
paration. Moreover, the material was too small for an exact 
calculation. There is no reason to expect lower values for 
men than for women; on the contrary, should such a dif- 
ference exist, il would probably be in the opposite direc- 
tion. As emphasized earlier. Smith found higher inulin 
and diodrasl values for men, and the difference in body 
size in the two sexes indicates that this should also be the 
case as regards creatinine. The present writer was unable 
to find any material in the literature in which the creatinine 
clearance was differentiated for the Lwo sexes, and in the 
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present investigation a calculation was therefore made for 
both sexes together in order to facilitate a comparison with 
the results of other workers. The mean value for 21 healthy 
individuals was 110.9 ± .12, which is in good agreement with 
that found by other writers (Lassen 1932; Hay man. 
■H aisled and Sevier 1933; Eke horn 19-11, v. p. 38. 

The variability (i.e. standard deviation) of the creatinine 
clearance is 23.8 or, expressed as a percentage or the mean, 
1(5.9 per cent. The corresponding figure for inulin clearance 
in the present material is 13.2 and the variation coefficient 
10.8 per cent. The difference between these two figures is 
almost statistically significant, i.e. 10.(5 ± 3.9. A minor part 
of the difference can be caused by the fact mentioned in the 
foregoing, i.e. the few determinations on men were made 
with a preparation which possibly gives values on a lower 
level. If these figures are compared with others published, it 
is seen that the majority of writers found a similar difference. 
Only two investigations (Friedman; Josep h son - and 
Lindahl) have given approximately the same variability. 
Since no statement concerning the age-distribution is given 
in their series, it is not possible to decide whether the re- 
sults can depend, for example, on differences in ages in 
the materials. It should therefore be emphasized that the 
present determinations were carried ouL on individuals mainly 
between the ages of 20 and 30 years (cfr. Table XI). 

It is of secondary interest to demonstrate that the variability 
is less iii one individual than between several individuals. 
This is not evident from the present investigation but can be 
shown from material in the literature. As mentioned pre- 
viously. Ekehorn collected a normal material in which 
a number of determinations carried out on the same in- 
dividual were included. The individual variability can be 
calculated from these figures. In Eke horn's scries 33 
determinations were made on one individual and -It on 
another. If these figures only arc used, an idea of the in- 
dividual variability is obtained (v. Table XIV). 

It is seen that the standard deviation is 20.3 for the fir's L- 
menlioncd individual and only 14 for the last-mentioned. 
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Table XIII 

Mean (31), standard deviation (o) and coefficient of variation (v)in different 
tests for adult normal persons of both sexes. 


Determination 

Num- 

ber 

M . 

O 

V 

Timlin clearance 

56 

122.2 

13.2 

10.S 

Diodras! clearance 

53 

444.2 

41.0 

9.4 

Filtration fraction 

53 

0.2753 

0.0298 

10.8 

Creatinine clearance 

21 

140.9 

23.8 

10.9 

Urea clearance 

21 

SO. 3 

17.9 

22.3 

Effect, renal blood flow .... 

53 

81S.9 

77.1 

9.4 

Hanna locrit 

56 

45.73 

3.61 

7.9 

... . 1 svstolic 

50 

130.4 

7.5 

5.8 

Blood pressure ! - 

( diastolic . . . 

56 

76.25 

4.65 

• 6.1 

Urea nitrogen, mg % 

24 

17.67 

3.70 

20.9 


Table XIV 


Mean -(M), standard error of the mean (s) and standard deviation (3) 
for a single individual, determined by repeated 
tests, and for different individuals. 


Investigator 

• Num- 
ber 

M ± s(M) 

O 

Determinations on the same individual 
(Rehberg) 

35 

125. G ± 3.5 

20.5 

Determinations on the same individual 
(Poulsson) 

44 

158.3 + 2.1 

14.0 

Determinations on different individuals 
(Gtirdstam) 

20 

144.6 ± 7.9 

35.3 

Determinations on different individuals 
(Cambier) 

43 

130.2 + 5.1 

33.2 


The standard deviations between various individuals, obtained 
from the same source, are also shown in the table. As can be 
expected, the latter figures are considerably higher, i.c. 3o 
and 35. The impression received from these figures is that 
the individual variation is approximately half as large as 
between different individuals. This, of course, opens up a 
possibility of obtaining different means for normal individu- 
als by selecting different materials. 
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As in Hit' case of creatinine clearance, il was necessary to 
calculate Hie urea clearance for both sexes together, since 
the determinations made on women were too few to permit 
a statistical comparison between the sexes. The value ob- 
tained is 80.3 ± 3.9, which contrary to the oilier clearance 
values, is expressed in the usual way as a ‘percentage of a 
standardized figure of 73 and 51 ml respectively per minute. 
This is lower than that usually given in the literature (around 
100 per cent!. The reason is probably that in making deter- 
minations of the urea nitrogen concentration in the urine 
with the method used in the present investigation, figures 
proportionately too low are obtained, whereas determina- 
tions in the plasma give higher figures (v. Chapter II . For 
the purpose of the present investigation, it is probably of 
little importance whether the normal figure is 80 or 100 per 
cent, but this fact must naturally be borne in mind in the 
discussion which follows. 

Since the value for diodrast clearance is lower here than 
that generally slated in the literature, the value for the ef- 
fective renal blood flow is obviously also comparatively lower. 

The haematocril figures found in the present investigation 
are in good agreement with those given by Whitby and 
Britton (1917) but higher than those published by K lig- 
ht) ff (1937) possibly owing to differences in the method 
used. 

The figures for blood pressure and the urea nitrogen con- 
centration in the plasma arc also normal according to current 
interpretations. 

The filtration fraction (F.F.) — or the ratio of the inulin 
to the diodrast clearance — is also obviouslv higher than 
that given by other workers, a fact likewise to be attributed 
to the lower values obtained by the present writer for the 
diodrast clearance. 

On a comparison between Table XII. in which the present 
writer's normal values for the inulin, creatinine and diodrasL 
clearances are given, and Tables I and II which give those 
of other workers, it is seen that the standard deviation for 
all these three tests is lower in the present material than 
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in those published earlier. The variability in series suclr as 
these can depend on several factors, particularly on differ- 
ences in the materials. When, as here, healthy individuals 
are involved — if must he admitted that definite criteria for 
their classification as such are present — differences in the 
material can depend chiefly on the varying ages of the in- 
dividuals investigated. In addition, the size of the standard 
deviation can depend on different methods of determination 
or varying accuracy in carrying out the method. Since it was 
usually impossible for the present writer to obtain exact in- 
formation on the foremcnlioned points as regards earlier 
publications, an explanation of the lower standard deviations 
in the present material must be confined to the following. 

1. The material comprised a relatively limited age-group 
with the majority of cases between the age of 20 and 30 
years. Moreover, the subjects were nearly all engaged in 
medical work and thus fully conscious of the importance of 
following minutely all ins'Lruclions given. 

2. All the determinations were performed simultaneously 
on the same blood and urine sample. 

3. All the urine samples in this normal series were voided 
spontaneously and the volume of urine was kept so high 
that there was every occasion to assume that the bladder was 
properly emptied. If is true Hi at a belter guarantee for 
complete emptying of the bladder is considered to exist if 
catheterization and washing out of the bladder are used. 
This is not, however, the experience of the present writer 
on the basis of all the cases of senile or severely ill patients 
where it was necessary to use this method, as consider- 
ably larger variations then occurred in the clearance tests. 
Whether this latter fact was due to faulty technique or to a se- 
condary effect of the intervention on the renal function must 
remain an open question. 

4. All the analyses were performed in exactly the same 
way and by the same laboratory worker. Moreover, all the 
figures were based on the mean for three clearance periods 
of 20 minutes each. 

5. In all clearance determinations the standard deviation 
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is obviously lower [he lower Ihc figure obtained. As far as 
riiodrasl clearance is concerned. Ibis is evident from Table II, 
and since the present writer’s figures for this determination 
are lower than those of the majority of other workers, the 
explanation of the lower variability can, at least in part, 
be attributed to this factor. 

As mentioned in the foregoing, it was necessary for the 
writer to establish his own normal values for the tests used. 
This was particularly desirable to allow accurate comparison 
of the normal values with those obtained for the pathological 
cases, but also since the normal values in the literature are 
usually based on a small number of determinations and can 
thus scarcely be considered to provide adequate information. 
■ .Normal values are required both in order to judge the 
individual cases of illness and to compare these cases as a 
group. The question is then whether the pathological cases 
differ on the whole from the normal ones, and then the 
means arc mainly used. When individual cases are to be 
judged, the mean figure for normal individuals no longer 
suffices; it is also necessary to know the extent of the varia- 
tions in the latter. In Table XV the borderline figures for 
the normal variations are therefore given first, calculated in 
the usual way with the help of three times the standard 
deviation. A single figure outside this limit is a definite 
deviation from the normal occurrence. A figure within the 
established normal limit but comparatively near it can be 
normal, although this is seldom the case. When diseased 
persons are involved, it is not possible to wait in each case 
until a definite diagnosis is obtained. A /.one between 2 and 
V.a from the mean figure is therefore indicated within which 
normal figures arc very rare. If such a figure is obtained 
for a patient, it can be said that il is possible, although not 
probable, that he is normal. The final diagnosis in such 
cases must also depend on whether other pathological symp- 
toms are present. As is usually the case when a diagnosis 
is made, this musl be based on a number of probabilities and 
the final judgement is therefore not absolutely definite but 
has only a certain probability. 
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CHAPTER V. 


GLOMERULONEPHRITIS * 

Interest in the study of renal function, in glomeruloneph- 
ritis has naturally existed ever since renal functional tests 
came into being. With the earlier methods used it was, 
nevertheless, extremely difficult — if not. impossible — to 
make an exact diagnosis of the actual condition of the kidney. 
The following statement made by Lnndsgaard (lt)30) is 
typical of this outlook: The conditions of renal function arc 
thus not suitable for deciding whether an acute nephritis lias 
regressed or become chronic. A functional diagnosis would, 
however, he invaluable for assessing the degree of renal injury 
in acute nephritis, whether this has improved or not. etc. 
This is all the more desirable since many cases of acute 
nephritis appear to have improved, in so far as the urine is 
normal and also the blood pressure but nevertheless, after 
a varying period of latency, symptoms of chronic nephritis 
appear. Moreover, it is often difficult to decide whether 
nephritis is chronic or not, e.g. when only proteinuria and 
a slight sediment are present but the .'peripheral signs 
(rise in t he blood pressure, cardiac hypertrophy or retinal 
changes are absent. There are even examples in the lit- 
erature of cases in which these -peripheral' signs were 
lacking during the whole period of the disease but the cause 
of death was nevertheless uraemia (Jores 1 DOS, Foster 
11)22 and Ran nick 11)27). In the following, the literature 
in regard to acute as well as chronic nephritis will be 
shortly reviewed. 

II o lien (15)31, 11)33) studied the creatinine clearance and 
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the concentration lest in acute nephritis in - children and 
concluded that it is possible to obtain a localized diagnosis 
with the help of these two tests: decreased creatinine clear- 
ance indicates impaired glomerular filtration and decreased 
concentration capacity indicates tubular damage. He drew 
a number of curves to illustrate that creatinine clearance 
usually becomes normal only after proteinuria and positive 
sediment are no longer present and the concentration capacity 
has become normal. He nevertheless also reported several 
cases in which the concentration capacity’ had been normal, 
during the whole illness despite a considerable decrease in 
creatinine clearance. The latter condition, i.c. normal con- 
centration during the whole course of acute nephritis, was 
also pointed out earlier by Volhard (1918). Hoi ten was, 
however, of the opinion that such a localized diagnosis was 
impossible in chronic nephritis since the whole nephron is 
then injured. 

Raaschou (1913) also discussed the question of dissocia- 
tion between glomerular ancl tubular funcLion in renal disease 
and based his arguments on Fish berg’s (1939) classifica- 
tion of renal insufficiency into three types: 1) glomerular, 
2) tubular and 3) combined glomerular and tubular type. 
According to Fishberg, glomerular insufficiency 7 is charac- 
terized by reduced filtration with unimpaired tubular func- 
tion, the symptoms being oliguria; high specific gravity of 
the urine, reduced glomerular clearance and normal concen- 
tration capacity; typical conditions are severe peripheral 
circulatory and cardiac insufficiency. Tubular insufficiency 
is manifested by 7 reduced tubular reabsorplion, excretion and 
synthesis but unimpaired filtration, the clinical symptoms 
being polyuria, reduced specific gravity 7 and normal glom- 
erular clearance, as for example, in cases of diabetes in- 
sipidus. In Bright’s disease, and other bilateral renal diseases 
the combined type is found, when at times the picture is 
dominated by 7 glomerular insufficiency 7 and at times by 
tubular. Raaschou quoted a case of hyperparathyroidism 
with calcifications in the renal medulla of which an account 
was published by’ Hoi ten (1936) and two cases of chronic 
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nephritis reported by IIol ten and Rchbcrg (1931) in 
which the creatinine clearance was normal but the concentra- 
tion capacity reduced. He added a number of his own cases 
of acute pyelitis and chronic pyelonephritis in which the 
concentration capacity was also reduced but glomerular func- 
tion (determined by urea clearance!) was normal, and con- 
sidered that a combination of these two tests permits a lo- 
calized diagnosis. 

Cullen. Xe Ison and Holmes (193.1) determined the 
urea clearance in sixteen children during the acute stage of 
nephritis and during convalescence. They found that, with 
the exception of one case, the clearance figures were low 
during the initial stage but that after one month the majority 
showed normal figures and that at the same lime the urea 
in the blood had decreased and other symptoms of acute 
nephritis had regressed. In a group of 78 children with a 
history of acute haematuric nephritis they found that the 
urea clearance was 109.1 ± 1.5 per cent compared with 
107.3 ± 1.1 per cent in a control group of healthy children 
in the same age-group. Some of the children in the former 
group had relatively low urea clearance or other symptoms 
of kidney damage (usually proteinuria: but during a long 
observation lime the clearance showed rising figures and 
the proteinuria disappeared or decreased. 

In early stages of acute nephritis Winkler and Parra 
(1937) were able in a few cases to find disproportionately 
high creatinine clearance, but as a rule the clearances of cre- 
atinine. sucrose and urea were uniformly reduced in subjects 
with renal disease. Both the absolute and the relative 
variability of the clearances were reduced and the ratio 
between these clearances approached the figure 1. The 
forementioned writers interpreted this as a possible decrease 
in tubular secretion of creatinine and rcabsorplion of sucrose 
with progressive renal damage. Were this the case, the 
rediffusion of urea should be the same in patients with 
damaged kidneys as in healthy individuals. C has is and 
Smith (1938) also considered that they had demonstrated 
this to be true but. as mentioned in the foregoing (v, p. 2(5) 
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Ekchorn (1946) gives some reasons why the more severe 
the renal damage the more urea is reabsorbed. It can be 
mentioned in this connexion that it was not possible to de- 
monstrate any such rediffusion or reabsorption of intilin in 
patients with chronic nephritis (Miller, A 1 ring and 
Rubin 1910) and therefore, inter alia , the inulin clearance 
is probably an expression of the actual volume ol' the. filtrate 
even in impaired kidneys. 

The clearances of inulin and phenol red were investigated 
by Goldring and Smith (1937-1938) in 21 patients suf- 
fering from acute or chronic nephritis. They found that, 
as a rule, the quotient of the ratio of phenol red clearance 
to inulin clearance remained within normal limits, indicating 
that glomerular and tubular damage progress parallel to each 
other. In more advanced cases, however, this quotient de- 
creased and this was interpreted as an inability of the tubules 
to excrete the dye. In a few cases, which had been observed 
earlier during the acute stage, this quotient was so much in 
excess of the normal that a dissociation of glomerular and 
tubular function could be suspected. In one case, for example, 
the inulin clearance was 72 per cent of the normal figure, 
whereas the phenol red clearance was 156 per cent, but after 
some months approached a normal figure. The formentioned 
writers considered that a possible explanation of this phenom- 
enon could be a dilatation of the efferent arterioles of the 
glomeruli, since this not only lends to increase the phenol 
red clearance through increased blood flow but also to 
■ decrease filtration through lowered filtration pressure. 

In 1941 Stein ilz published a paper on renal blood flow 
in inter alia two patients with acute nephritis on whom 
determinations of inulin and diodrast clearance were made. 
Both patients were severely ill with considerably raised 
blood urea (one later died of uraemia) and the clearances 
were low but proportionately lower for inulin than for dio- 
drasl, thus giving a low filtration fraction. In a discussion 
of these cases the writer pointed out that it is natural!) 
impossible to draw any conclusions from them regarding 
renal blood flow in acute nephritis but he referred to S arres 
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(1939 investigation of the renal blood flow in the rabbit 
with experimental nephritis (produced by Masugi's method) 
in which it was shown that the flow, determined with Rein's 
thermostromuhr, was satisfactory at every stage of the acute 
nephritis. E a r 1 e. T a g g a r l and Shannon'll 911 . ob- 
tained similar results in a study of 22 patients in various 
stages of glomerulonephritis in which they made determina- 
tions of the glomerular filtration (inulin), renal plasma flow 
(diodrast) and the maximal tubular excretion of diodrast 
(T n ,D . They summarized their conclusions as follows: T) All 
these three functions are decreased when the disease pro- 
gresses. and marked changes appear in their normal ratios. 
Filtration is the most sensitive indicator of renal impairment 
at an early stage of the disease and is accompanied "by a low 
filtration fraction and a low ratio of the inulin clearance to 
T„iD’ as well as a decrease in inulin clearance. 2 Acute 
nephritis and exacerbation of chronic nephritis are usually 
associated with a decrease in the inulin clearance. T m i> the 
filtration fraction and the ratio of inulin clearance to T m n. 
Ail or some of these figures may rise when improvement 
occurs, but a high ratio of the diodrast clearance to T m o may 
he explained by transient hyperaemia. Xo definite correla- 
tion was found between the specific changes in renal function 
or between their respective ratios and the prognosis of the 
disease. 3) When chronic nephritis progresses, tubular func- 
tion is relatively more impaired than glomerular filtration 
and the diodrast clearance therefore shows a proportionately 
larger decrease than that of inulin, and the ratio of inulin 
elcarancq to T m p rises. 

II il den (1913. 1911. 19-16), apparently altogether una- 
ware of the forcmenlioncd investigations, came to practically 
the same conclusions in an investigation of nephritic patients 
by means of urea and diodrast clearances. In mild and 
moderately severe cases of acute nephritis he found a de- 
crease in urea clearance whereas that of diodrast was often 
norma! or showed a proportionately less pronounced de- 
crease. lie found the same conditions in cases of severe 
nephritis. As a result, the quotient of urea clearance to dio- 
s 
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drasL clearance was decreased in the same way dial earlier 
investigators found to he the case for the filtration fraction. 
Hildcn concluded that glomerular function is more affected 
in acute nephritis than tubular function and gives three 
possible reasons: 

1. The pathological changes are localized to the glomeruli. 

2. Dilatation takes place in the renal efferent arterioles. 

3. The extra-glomerular blood flow to the tubules is in- 
creased. 

He did not, however, stale which of these three possibilities 
he considered to be the most probable, but this question was 
discussed thoroughly by Black, Platt, Rowlands and 
Varley (1918) who investigated the inulin and diodrast 
clearances in three patients with acute nephritis and came 
to the same conclusions as H i 1 d e n. They also put forward 
three possibilities to explain the proportionately greater 
damage to filtration: 

1. Decreased permeability of the glomerular membrane. 

2. Some of the blood is »$hunled» past the glomeruli. 

3. A change occurs in the tonus of the afferent or efferent 
arterioles. 

They rejected Ibe first two reasons and considered . the 
third to he the most probable. They made a calculation of 
the tonus in the afferent and efferent arterioles on the basis 
of Lamport’s (1911) formulae and concluded that the 
afferent resistance is considerably increased during the acute 
hypertensive phase when the efferent resistance remains * 
normal. They consider the low filtration rate to he due ch icily 
to a fall in filtration pressure. 

Hildcn also studied clearance conditions in chronic 
nephritis. He summarized his conclusions, based on 213 cases, 
as follows: 

In the latent stage of chronic nephritis, normal or slightly 
decreased clearance figures can be found, the decrease being 
equally pronounced in the case of urea and diodrast 
clearance. 

In the chronic active stage a difference is' found, depending 
on the type of Lhe disease: the hypertensive type exhibits 
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a larger decrease in the diodrasl than in urea clearance, 
whereas the conditions are reversed in the nephrotic type. 

In the final stage there is a considerable decrease in both 
clearances, but this is mosL pronounced in the case of diodrasl. 


Acute Nephritis 

As previously mentioned, the diagnosis of acute nephritis 
has been based on the presence of proteinuria and haem- 
aturia, often following an infection of the upper respiratory 
tract. In addition, many cases have shown an elevated blood 
pressure amUor symptoms associated with a disturbance of 
the renal function. 

'Flic present writer was able to make an investigation on 
89 patients (51 men and 38 women) in various stages of 
acute nephritis. The age-distribution of the material is seen 
in Table XI and on page 91 further information is given 
a bou L the cases. It is seen from the table that the majority 
of the patients belong to the lower age-groups, 5-1 per cent 
being under the age of 30 years and 75 per cent under the 
age of 10. In this respect the material is in good agree- 
ment with large series published earlier. Thus, for example. 
Rude beck (19-1(5 had 53.8 per cent under the age of 
30 and 71 per cenl under the age of JO years in his material 
of 318 patients. The present material can thus — al any rale 
from Ibis aspect — - he considered as representative of an un- 
seleclcd group of nephritics in a medical ward, all over the 
age of 12 years. The age-distribution is furl her demonstrated 
by the fact that I he median lies at 29 years, the lower quarlile 
al 21 years and Ihe upper quarlile al 12 years. In the presen L 
material, as in papers published earlier, the distribution ac- 
cording lo sex shows a preponderance of men, the ratio of 
men lo women being approximately 3: 2, this being more 
marked in the. lower age-groups (cf. Gaelic l 1911, Ru tic- 
beck 19-10). In another respect. i.e. Ihe mortality, the present 
material differs, however, from those earlier published. In 
Rude heck’s material, for example, the mortality rate was 
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6.6 per cent, whereas there were no deaths in the present 
writer’s material. This difference can be (hie to random varia- 
tion but is probably dependent on the fact that in the present 
material none of the patients who were severely ill dnrina 
hospitalization were subjected to these tests. The material 
was thus a selected one of not extremely severe cases, and 
this can explain the lack of deaths. 

Data concerning the duration of the disease before admis- 
sion to hospital are found in the table on page 96. It is seen 
that nine patients were hospitalized more than three months 
after the onset of the disease (lire remainder being admitted 
earlier) and they should therefore perhaps have been classi- 
fied as subacute. Nevertheless, a number of those patients 
who were admitted at an earlier stage of the disease still 
showed symptoms of nephritis after three months. This could 
not have been anticipated when tire functional tests were 
made and these patients were therefore included among those R 
with acute nephritis although — with regard to the duration 
of the disease — they should possibly have been considered 
as subacute. It is, however, difficult to make this distinction 
and it is also of less importance in the present paper in 
which inter alia lire following factors were investigated: 
a) the relation of the current symptoms to the actual renal 
function and b) the relation of lire latter to the time for 
recovery. The borderline was in that respect fixed at three 
months. It can be pointed out that in principle there is 
naturally no sharply-defined borderline either between acute 
and chronic cases or between chronic and imperfectly healed 
cases. All borderlines must be more or less subjective, c\cn 
if there is no doubt concerning the majority of cases. 

In Order to obtain a conception about the stale of renal 
function in patients with acute nephritis, these can be com- 
pared with normal individuals, both as a group according 
to the respective mean figures and individually according 1° 
the known upper limit for the normal individuals. Furthei 
more, the cases can be analysed in regard to the correlation 
between the different lesLs as well as in regard to the corrcla 
lion between the different symptoms and the tests. 
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When Llie cases of acute nephritis are lo be compared as 
a group with the normal material, the results of the investiga- 
tion are seen in Table XVI. 

• For both sexes together there was a statistically significant 
difference for all the determinations with the exception of 
the systolic blood pressure and urea nitrogen. In both these 
tests the difference was nevertheless approximately twice 
the mean error (Table XVII). 

Table XVII. 

Differences anil standard errors of tlie differences between means for 
normal cases and means for cases with acute nephritis in regard to 
different tests. A minus difference signifies that the normal fignre is 
larger, a pins difference signifies the contrary. 


Determination 

Differences between normal cases and 
cases with acute nephritis 


Men 

Women 

Both sexes 

Inulin clearance 

-32.1 + 5.4 

- 3 S.4 + 6.0 

-35.1 + 4.0 

- 83.2 + 13.4 

— 0.034 + 0.008 

- 50.4 + S.2 

— 1 ( .0 + o.S 

- 205.1 ± 24.2 

— 5.47 + 0.75 

Diodrast clearance .... 

Filtration fraction 

Creatinine clearance 

Urea clearance 

Effect, renal blood flow . 

- 59.2 +.16.7 
-0.043 + 0.010 
-24.1 + 13.0 
10.7 + S.4 
-1S2.4 + 30.0 

— C 36 + 0.90 

- 113.8 + 20.6 

-0.021 + 0.014 
-62.1 + 10.7 
-22.9 + S.4 

- 225.1 + 34.4 
— 3.54 + 1.09 
+ 9.4 + 4.3 
+ 10.2 + 2.7 
+ 0.5 + 1.8 

t>i i (systolic 

mood pressvire : \ 

\ diastolic 

Urea nitrogen, mg % ... 

+ 0.1 + 2.1 

+ 5.6 + 1.7 
+ 5.7 + 2.5 

+ 4.1 + 2.2 
7.G + 1.^ 

-f 3.5 ± 1.6 


This was also the case for men and women. separately, will' 
the exception of the creatinine clearance for which there was 
no significant difference for the men. . This was probably 
due to the fact that the creatinine clearance level is lower 
for men than for women in the writer’s normal material. 
This was discussed earlier (v. Normal Individuals) and the 
explanation suggested was that the clearance was determined 
with another creatinine preparation. That this is the most 
probable reason is supported by the experience of the pre- 
sent writer, but not earlier mentioned, i.c. UniL creatinine 
preparations of different brands give very varying clearance 
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values. Thus, for example, one or Lwo brands gave figures 
far below Ihe inulin clearance determined simultaneously. 
This could also be a natural explanation of the different 
normal values given by different workers. It is obvious that 
this factor must be taken into consideration when normal 
values are calculated from the results of different writers. 

As regards the urea clearance, there was no demonstrable 
difference compared with the normal material in the male 
group, but the difference was statistically probable for the 
women and for both sexes together. This could be caused by 
all the figures for the women being somewhat lower than 
for the men. the group of women thus representing some- 
what more severe cases. This could also — at least to some 
extent — be explained by variations in the urea excreLion 
with falling filtration rales (v. General Discussion''. The 
difference may, nevertheless, be purely fortuitous. 

It must be pointed out that the filtration fraction was 
lower in this group of patients than in the normal material. 
In other words, there was a smaller decrease in the diodrasl 
than in the inulin clearance. The difference was statistically 
significant. 

It is seen from Table XVI that the decrease in the filtration 
rate, determined with inulin or creatinine clearance, was 
approximately 30 per. cent, whereas there was a decrease 
of only 19 per cent in the diodrasl clearance. The mean 
figures for the urea nitrogen in the plasma Were 20 per cent 
higher than in the normal material, but the increase in the 
diastolic blood pressure was only 10 per cent and in Ihe 
systolic pressure 3.5 per cent, compared with the normal 
levels. All these calculations arc in respect of the cases of 
acute nephritis as a group. 

As regards the individual figures, a calculation can be 
made of how large a part of the material lies outside the 
limits 2 5 and 3 a of the normal material. Such a calcula- 
tion has been made in Table XVIII as regards those func- 
tional tests which for the normal material showed no statistic- 
ally significant sex differences. 

It is seen from this table that 13 per cent of all the cases 
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had a lowered filtration rate whereas 35 per cent showed a 
decreased cliodrast clearance when the range of normal 
variation was fixed at 3 a. At 2c the number of cases with 
decreased figures was obviously larger. Tbe difference be- 
tween those who showed decreased figures using these 
borderlines naturally varied owing to the small , size of the 
material. Such variations as regards the differences should 
thus not be considered of importance. It can, nevertheless, 
be considered as established that the percentage of patholo- 
gical cases is lower for the urea clearance and urea nitrogen. 


Table XYIII 

Number and percentage of individuals with aente nephritis falling out- 
side the normal limits calcnlated according to 2 a and 3o respectively. 


Determination 

No. 

2 5 

O 5 

Inulin clearance 

89 

49 (55 o; 0 ) 

38 (43 o/o) 

DiodrasL clearance 

89 

36 (40 o/o ) 

31 (35 o/o) 

Filtration fraction 

89 

34(38 o/o) 

22 (25 o/o) 

Creatinine clearance 

3(5 

17 (47 o/ 0 ) 

10 (28 o/o) 

Urea clearance 

-14 

12 (27 o/o) 

3 ( 7 o/o) 

Urea nitrogen, mg "o 

49 

9 (IS o/o) 

o 

O 

T— ( 

jo 


It is possible that in nephritis different partial functions 
of the kidney are more or less injured. It can be seen from 
the foregoing that in this material all measurable renal 
functions were affected. It is thus of interest to ascertain 
whether some particular aspect of renal funcLion was more 
impaired than another and also to endeavour , to elucidate 
whether the conditions differ in different patients, he. 
whether in one patient the injury to the glomerular appa- 
ratus is predominant or whether tubular function is moie 
impaired. 

Since certain of the tests used refer to the same part of 
the nephron, if can be expected that their results would he 
similar, i.c. if one lest indicates a pathological disturbance, 
the other should also do so. Such a correlation can, however, 
also depend on the fact that the tests refer to different parts 
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of the nephron bnl that in acnle nephritis these are always 
damaged simultaneously. A calculation intended to throw 
light on these questions is found in Table XIX. in which the 
observed and the expected figures for the borderlines 2 a and 
3a are given as before. The expected figures arc obtained 
simply by multiplication of the percentage figures in Table 
XVIII. These figures are to be expected if the disturbances 
according to the foremcnlioncd borderline figures have an 
entirely random distribution. If. on the other hand, a cor- 
relation exists between the decrease in two tests, the figure 
for the observed value rises. The greater the difference be- 
tween the expected and the observed figure, the greater the 
correlation between the decrease in the two tests. In other 
words, this method is a simple way of demonstrating the 
correlation between the tests. 

Table XIX shows that a definite correlation can be de- 
monstrated only between a decreased inulin clearance and a 
decreased filtration fraction and between a decrease in the 
urea clearance and an increase of the urea nitrogen. In addi- 
tion there is a statistically probable correlation between the 
decrease in the inulin and the diodrasl clearances, the inulin 
and creatinine clearances and the filtration fraction and the 
creatinine clearance. The material is unfortunately loo small 
to permit any further conclusions but in all probability such 
a calculation on a larger material could give valuable in- 
formation on how the damage caused by acute nephritis 
affects different parts of the nephron. 

The closest correlation seems to exist between the inulin 
and creatinine clearances, although the material is small and 
the correlation cannot therefore be statistically significant 
here. Since both these tests arc mainly an expression of 
the filtration capacity, their results could be expected to he 
similar. 

A fairly marked increase in the observed figures for dio- 
drasl and creatinine is obviously expected since both these 
tests — although to a different extent — arc conditioned by 
tubular function. It is. however, evident that the inulin and 
diodrasl clearances are also correlated and this fact is prob- 
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Determination 


| Expected value, % ° bserTri 
§ — raise, *, , 


Initlin clearance 
Iimliii clearance 
I Iinilin clearance 
I hiulin clearance 
Inulin clearance 
Diodrasl clearance 
Diodrasl clearance 
Diodrast clearance 
Diodrasl clearance 
filtration fraction 


Diodrast clearance j S9 22 + 4 4 j 15 ■ , s L I ; 
-o, a ,i„i 110 clMrmtc J ± - 31 

...L «: 4 f " !i 

lo ± °- 4 3 + 2.G *>? - 

rea nitrogen, mg % 49 10 + 4.3 4 + , s •" J f 

»;« .±»± 

. ,m» c clearance W „±„ lo ±s . 0 „ s j 

reamlroge,., ,„ S? J J9 ; ± , ,, 4±2 J u 

» 18 ±u 7 ± 4.3 1 3G Ui 


I Filtration fraction — t-.._ .. I 44 10 + 4.5 2 + 2.1 25 I 2 S 

(Creatinine clearance - V ran 2217^ % Wj ±3 ‘ C ® ±M “i 'I 
I Creatinine clearance— •. ' ■ ■ • 13 1 13 + 9.3 2 +3.9 51 15 

| Crea clearance ‘ 111 ro S en - % 15 S± 7.0 3 +44 20 15 

1 , T1 _ l -".« r o g «„.,„ g% 4 ,j 5±3 . 4 j 1±1 . l; . 

!,ml " f tmel ’l e'U <, l’nlT :,U ° f b ° lh '" lomt ' n,tor 

nephritis luUm-illv ,1 ia Loth arc impaired in nettle 

z r ibmiy ° r *""*« ** 

vjirioiis lesls. t, ‘ Jn ° 10 s P c ciaf nalure of Uip 

:c:n r b ™ u °" ° f u ™ - 

fion. as in Iho t * l,e P° sl( ion. It is not a ques- 

*11*1 of a com|)im!; r 10US , Ca ) SCS ’ ° f 11 comb »»aD'on of two lesls. 
slit tire in the blood w'H tV° Concenlralion of «*» certain sub- 
stance Ii could 1 1 1 W cJcarancc of Pte respective snl>- 

C,Uld hC ° X * )CC1C <1 «ial when the clearance was 



123 


low the concentration in (he blood would always be high. 
This is often but not, however, always the case. As mentioned 
previously, the correlation is significant. 

Regarding the question whether glomerular function is 
more impaired in an individual case than the tubular func- 
tion or vice versa, this is more difficult to decide since no 
specific tubular functional tests were performed. The dio- 
drasl clearance only was determined and this — as staled 
previously in Chapter I — is dependent both on the effective 
renal blood flow and on Lhe secretory power of the tubules. 
In other words, a decreased diodrast clearance can cither 
indicate that less blood flows through the kidney or that the 
secretory power of the tubules is impaired although the renal 
blood flow is normal. It is obvious that both these factors 
can operate simultaneously to decrease- the diodrast clearance. 
The only course open to the writer was 'to determine the 
quotient of the inulin clearance to the diodrast clearance, 
i.e. the filtration fraction. Figure 7 (v. p. 138 shows that 
this quotient is nearly always decreased when the inulin 
clearance falls to 90-05 ml per minute. 

* It is naturally possible that the cases are in varying stages 
as regards the process of recovery, so that one function has 
become normal or almost normal whereas others, or some 
of them, are still damaged. It it also possible that from the 
onset different partial functions are impaired to a varying 
degree. Roth these factors must cooperate in order to give 
differences between the individual patients and the extent 
of the variations in the whole material thus becomes larger. 
This is also seen from Table XVI in which the standard de- 
viation for the various determinations is considerably higher 
than for the normal material. 

It is seen from the following that in acute nephritis the 
various clinical symptoms are more or less marked. Had 
the material been large enough it would have been most satis- 
factory to calculate the correlation. A sine </na non for such 
calculations is nevertheless that quantitative measures of the 
different symptoms can be obtained. 'Phis was possible in 
respect of. for example, the blood pressure and the urea 
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nitrogen, but not in respect of haemaluria and proteinuria. 
Tiie degree of haemaluria must be determined quantitatively, 
for example according to Addis’ method. An approximate 
calculation according to the frequently used terms . very 
abundant red blood corpuscles», » scanty*, etc. gives, accord- 
ing to the majority of earlier workers, a very poor idea of 
the degree of haemaluria. 

When, however, we arc dealing with proteinuria, the 
customary method of staling it in promille can not be used. 
This can naturally be subject to very considerable variations, 
depending on whether the determination was made on the 
24-liour volume or on a random sample during this period 
and also on whether the volume of urine was large or small. 
The only accurate method is therefore lo determine the 
amount of protein in grammes excreted per 24 hours. The 
data necessary to allow such calculations were not, however, 
available in the present investigation. 

As pointed out earlier, the two obligatory symptoms of 
acute nephritis, i.e. proteinuria and haemaluria, were always 
present. On the other hand, the facultative symptoms, eleva- 
tion of the blood pressure, oedema or increase in the noii- 
prolein nitrogen were sometimes absent. With regard to the 
blood pressure, a special table has been made with the cases 
divided into different groups (Table XX). Since the blood 
pressure lias » normally- a tendency to rise with increasing 
age, the number of cases in the age group over 46 years has 
been given in brackets. It is seen that in the majority oi 
patients with an elevation of the blood pressure, this was 
moderate, provided that they were not over 46 years ol age. 
In this respect as well the present material is in agreement 
with that of other workers, for example Rude beck's (1910). 
In his summary of these questions he stales: »a systolic blood 
pressure over 170 mm in the acule stage is rather uncommon, 
a pressure over 200 mm is very rare*. 

In order lo illustrate how often the facultative symptoms 
mentioned occur, their frequency is given in Table XXI. m 
which the basis for the classification in the following into 
two sub-groups with regard to these symptoms has been used. 



Table XX 

Distribution of the blood pressure (in mm llg) in eases with acute nephritis. The llguros in brackets apply to 
individuals above -1<> years of age (they are included in the figures without brackets). 
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II is seen from the table llmt somewhat less than 50 per cent 
of all the cases hacl an elevation of the blood pressure (boll) 
systolic and diastolic) as well as an increase of non prolein 
nitrogen above the borderlines given. The same applies to the 
presence of oedemas which was manifested in 45 per cent 
(40‘ cases) whereas it was absent in 55 per cent (19 cases). 

In view of the foremen tioned* circumstances, the writer 
therefore considered it most suitable to divide the material 
into two sub-groups with regard to certain symptoms, i.e. 
those with slight and those with severe such symptoms, and 
to compare these two groups. The following classifications 
were made. 

A. 1. Cases with systolic blood pressure 2: 160 mm Hg 

2. Cases with systolic blood pressure < 160 mm Hg 

B. 1. Cases with diastolic blood pressure > 100 mm Hg 

2. Cases with diastolic blood pressure < 100 mm Hg 

C. 1. Cases with non protein nitrogen > -10 mg per cent 

or urea nitrogen >20 mg per cent 
2. Cases with non protein nitrogen 5 10 mg per cent 
or urea nitrogen 5 20 mg per cent 

D. 1. Cases with oedema 

2. Cases without oedema 

E. 1. Cases apparently recovered within 3 months 
2. Cases not recovered within 3 months 

In classifications according to clinical symptoms, a firs! 
possibility is to compare patients with a certain symptom 
with those in whom it is absent or is of a lesser degree on 
a certain occasion. Whether a palienl manifests a symptom 
or not on a given occasion is not, however, the only decisive 
factor. If,, for example, a comparison is made between pa- 
tients who are free from symptoms at a given moment and 
have thus improved in comparison with their condition at 
the onset of the disease, they can in turn be divided into two 
groups, i.e. those who at the onset were severely ill and those 
who were less severely ill. In other words, they are divided 
according to their symptoms on hospitalization. If this tabes 
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place aL Ihe ousel of Ihe disease il naturalh' influences llie 
comparison during its further course. In order to obtain a 
complete analysis of the material il is thus necessary lo group 
the patients both according to the current symptoms and 
according to . llic course, i.e. to the earlier symptoms. The 
present material was not sufficiently large to permit such 
an analysis. The only remaining possibility was to compare 
patients with different symptoms at a given moment or to 
classify them according to the most pronounced symptom 
during the course of the illness. In practice, these are often 
ihe symptoms manifested at the earliest stage of the disease. 

The writer therefore formulated the problem as follows: 
Are the results of functional tests i n a patient with acute 
nephritis who, at the onset or later, but before the time of 
the investigation, manifested clinical symptoms of a mild or 
severe degree different from those found in a patient without 
such symptoms? Do the current symptoms at the Lime of the 
investigation alone determine the degree of functional im- 
pairment? 

Figure 8 (v. page 1 11) shows that both these factors, i.e. 
the duration and severity of the disease and decrease of filtra- 
tion rale are probably correlated. This question will be 
discussed later on. As clinical symptoms those given above 
are used. but. not proteinuria or hacinaluria. which were 
primary criteria for the diagnosis of acute nephritis (see 
Discussion in the following). 

As regards group E in the classification above, il was not 
however possible to take into consideration only the symptoms 
before the occasion of the investigation, but the lime elapsing 
after it was also cpnsidercd, provided that the investigation 
was made less than three months after the onset of I ho 
disease. 


The Systolic Blood Pressure 

The borderline between the two sub-groups was fixed at 
100 mm Hg. Since the majority of patients were under the 
age of -10 — - more than 50 per cent were even under 30 
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years — we cau be certain that such a borderline figure 
differentiates between patients who had an elevated blood 
pressure aL Lhe time of the investigation or prior to il and 
those in whom no such elevation was observed. 

The first striking fact revealed by Table XXII, in which this 
grouping is used is that the level of the systolic blood pres- 
sure, although it showed a statistically significant difference 
between the Lwo sub-groups, did not reach the -stipulated level 
of 1G0 mm Hg, but remained at 142.5 + 3.9. This depends 
on the grounds of classification used. 

1 1 is of interest, as is seen from the table,, that the figure 
for the inulin clearance showed a statistically significant 
difference between the groups, and the creatinine clearance 
a probable difference ( > 2.5 limes the standard error). The 
diodrast and urea clearances, as well as the other tests, 
showed no significant differences, although in several instan- 
ces the differences were twice the standard error. This was 
also the case for the diastolic blood pressure which did not 
— as could have been expected — show a statistically signi- 
ficant difference. The urea nitrogen is somewhat strange in 
that the figure was lower in the group with the higher 
blood pressure, both in the male and the female group and 
for both sexes together. This can be due to random variation. 
Under conditions thail are otherwise identical, Lhe filtration, 
for example, should, increase with a x-ise in blood pressure. 
On lhe olher hand, an elevation of lhe blood pressure may 
indicate that the illness is more sevei'c and the glomeruli 
more injured. These two tendencies can cause a displacement 
in the opposite direction. It is thus not so astonishing that 
a decrease in filtration is present aL higher pi*essnre whereas 
there is no demonstrable difference in the excretion of urea. 

The Diastolic Blood Pressure ■ 

100 mm Hg was fixed as the borderline between the two 
sub-groups for the same reasons as in respect of the systolic 
blood pressure. It must, however, be pointed out that this 
borderline is more diffuse .than in Lhe case of lhe latter, 
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Table XXII. Moan (M) and standard error of the moan 1 (e) for cases 
with acute nephritis, distributed according- to the highest level of the 
systolic blood pressure if above or below 1(50 mm Hg. 


Determination 

Systolic blood pressure 

> 

160 mm Hg 

< 

160 mm Hg 

Num- 

ber 

U + e(M) 

Num- 

ber 

M + e(M) 


Men 



Inulin clearance 

IS 

70. 2 + 7.4 

33 

100.6 + 0.0 

Diodrast clearance 

18 * 

359.7 + 27.2 

33 

400.0 

Filtration fraction 

IS 

0.211 + 0.013 

33 

0.247 + 0.011 

Creatinine clearance 

7 

82.4 

10 

100.3 + (12. S) 

I'rea clearance 

7 

74.5 

18 

70.0 + 7.6 

Effect, renal blood flow .... 

IS 

610.2 + 49. S 

33 

703.4 

lla'inatocrit 

18 

39.9 + 1.4 

33 

41.6 

Proteinuria 

IS 

0.39 + 0.12 

27 

0.54 

. (systolic .... 

blood pressure; J 

IS 

182.5 + 3.4 

33 

129.4 

| diastolic 

IS 

81.9 + 2.0 

33 

Sl.l 

I’rea nitrogen, mg % 

7 

20.9 

20 

23.5 4* 3.0 


Wo 

m e n 



Inulin clearance 

20 

08.0 + 6.9 

IS 

93.6 + 7.1 

Diodrast clearance 

20 

303.2 + 20.4 

IS 

344.2 

Filtration fraction 

20 

0.235 + 0.01S 

IS 

0.272 

Creatinine clearance 

13 

73.3 + (9.8) 

0 

120. S 

I’rea clearance 

9 

4S.C 

10 

55.7 + (0.5) 

Effect, renal blood flow .... 

20 

49S.0 + 4S.0 

IS 

5S1.4 

Micnialocril 

20 

3S.0 + 1.4 

IS 

40.0 

Proteinuria 

20 

0.74 + 0.49 

17 

0.2S 

m , f systolic .... 

Blood pressure ; J 

20 

151.5 + 6.1 

IS 

126.9 + 1.9 

1 diastolic . . . . 

20 

92.0 + 3.5 

IS 

SI. 9 + 2.7 

I’rea nitrogen, mg % 

11 

18.5 + (l.S) 

11 

20.1 

Both 

sexes 


‘ 

Inulin clearance 

3S 

72.2 + 50 

51 

98.2 + 4.5 

Diodrast clearance 

3S 

329.9 + 19.2 

51 

3S4.2 + 14. S 

Filtration fraction 

3S 

0.223 + 0.011 

51 

0.255 + 0.009 

Creatinine clearance 

20 

70.5 + 7.1 

10 

10S.0 + 9.7 

I’rea clearance 

10 

59.9 + 7.2 

2S 

65.3 

Effect, renal blood flow .... 

3S 

551.4 + 35.5 

51 

060.4 + 20.0 


3S 

3S.9 + 10 

51 

4T Q 

Proteinuria 

33 

0.57 + 0.20 

44 

0.44 

t>1 . ( systolic 

Blood pressure’ J 

3S 

142.5 + 3.9 

51 

12S.5 + 1.4 

1 diastolic 

3S 

S7.2 + 2.3 

51 

SI. 4 + 1.5 

Urea nitrogen, mg % 

IS 

19.4 + 1.5 

31 

22.3 + 2.0 


1 The staudard error is only computed for one of the means, if the diffe- 
rence between them is below three times this error. 

9 
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depending on how Uie diaslolic pressure is determined (v. 
Chronic Glomeruloneplirilis). 

Table XXIII gives Ihc results according to this grouping 
The same condition is found as in the foregoing table, i.e. the 
mean of the diastolic pressure did not reach the borderline 
fixed. The figures of both groups at the time of the lest are 
given in order to give an idea of the size of the difference. 
The only statistically significant difference was that the iimlin 
clearance for the sexes together and for women showed a 
lower value in the sub-group with diastolic pressure above 
100 mm Hg. No such difference was found in the male 
group. This is probably connected with the fact that the 
women were on the average more severely ill ancl therefore 
' the difference between the two sub-groups was more marked. 
A further result is that the filtration fraction and the systolic 
blood pressure also showed a statistically probable difference 
in the female sub-groups, whereas it was not apparent when 
a calculation was made for both sexes together. Nevertheless, 
the difference here, as in the case of the diodrast mid 
creatinine clearances and the effective renal blood flow, 
was throughout slightly above twice the standard error and 
would probably have been statistically significant on a larger 
material. 

It is, nevertheless, remarkable that the urea nitrogen level 
in the plasma was lower in those with the diaslolic pressure 
> 100 mm Ilg. In other words, the position was the same 
as in the grouping according to the systolic pressure and the 
same conclusions can therefore be drawn. 

Non Pi’otein Nitrogen or Urea Nitrogen 

As is the case with all the oilier symptoms of renal 
disease to be discussed later in this paper, certain difficulties 
arose in grouping the patients according to two sub-groups, 
i.e. in choosing the limit between them. It was difficult to 
decide to which sub-group a patient should be assigned if 
the non protein nitrogen figure was within the normal varia- 
tions hut the urea nitrogen outside them or vice versa. If 
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Tablo XXIII. Mean (31) aud standard error of tlio mean 1 (s) for cases 
with acnte nephritis, gronped according to the highost level of 
the diastolic blood prcssnro if abovo or below 100 mm Ifg. 


Determination 


Inulin clearance 

Diodrast clearance 

Fillralion fraction 

Creatinine clearance 

Urea clearance 

Effect, renal blood flow . . 

Ilannatocrit 

Proteinuria 

Blood pressure [ 

I diastolic . . 

Urea nitrogen, mg % 

Inulin clearance 

Diodrast clearance 

Filtration fraction 

Creatinine clearance 

Urea clearance 

Effect, renal blood flow . . 

Ilacniatocril 

Proteinuria 

. ( systolic . . 

Blood pressure; 

( diastolic . . 

Urea nitrogen, mg % . . . 


Inulin clearance 

Diodrast clearance 

Filtration fraction 

Creatinine clearance 

Urea clearance 

Effect, renal blood flow . . 

Ilncmatocrit 

Proteinuria 

Blood pressure [ s J sl0 ^* c 

( diastolic . . 

Urea nitrogen, mg % . . 


Diastolic blood pressure 

> 

100 mm Hg j 

< 

100 mm Hg 


— 

Num- 

ber 

M ± s(M) 

Men 



17 

SI. 3 + 7.1 

34 

97.4 

17 

3G9.9 + 22.4 

34 

399.6 

17 

0.21S + 0.014 

34 

0.242 

f) 

S4.S 

12 

96.3 + (11.5) 

G 

7S.5 

19 

69.5 + 7.3 

17 

631. S + 41.6 

34 

689.9 

17 

40.4 + 1.6 

34 

41.3 

17 

0.235 + 0.067 

28 

0.629 + 0.250 

17 

130.6 + 2.9 

34 

130.4 

17 

Sl.S + 2.7 

34 

81.2 

7 

21.5 

20 

23.3 ± 3.0 

W omen 



23 

GS.l + 6.4 

15 

99.4 + 6.9 

23 

304.2 + 25.7 

15 

350.8 

23 

0.232 + 0.016 

15 

0.2S4 + 0.012 

12 

71.4 + (10.5) 

7 

117.1 j 

11 

46.4 + (5.3) 

8 

60.5 

23 

502.4 + 43.5 

15 

592.1 

23 

3S.6 + 1.3 

15 

40.3 

23 

0.69 + 0.43 

14 

0.20 

23 

14G.7 + 5.7 

15 

129.3 + 2.9 

23 

91.3 + 3.3 

15 

S1.0 -H 2.7 

11 

18.4 + (1.7) 

a 

20.1 

loth 

sexes 



10 

73.7 + 4.S 

49 

98.0 + 4.S 

40 

332.1 + 1S.1 

49 

384.0 ± 15.7 

40 

0.226 + 0.011 

49 

0.255 + 0.009 

17 

75.4 + S.O 

19 

104.0 +‘8.7 

17 

57.7 + 7.3 

27 

06.9 

40 

557.4 + 32.0 

49 

659.9 + 28.8 

40 

39.4 + 1.0 

49 

41.0 

40 

0.50 4* 0.2o 

42 

0.51 

40 

139.9 + 3.7 

49 

130.1 + 1.7 

40 

87.3 + 2.3 

49 

81.1 + 1.5 

18 

19.6 + 1.4 

31 

22.2 + 2.1 


1 v. foot note p. 129 
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several determinations were made al about the same lime and 
the course of the illness gave no reason to suspect aiiy change 
in the state of the patient, the decision was made according 
to the majority of these determinations. If the number of 
determinations in different directions was equal, Die non 
protein nitrogen figure was assumed to be decisive. The 
reason was the one given in the following, i.e. that non 
protein nitrogen determinations are made as a matter of 
routine al the University Hospital in Upsala. 

Table XXIV shows the figures according to this grouping. 
It is seen that it was still the inulin clearance figure alone 
that showed a lower value in the sub-group with an increase 
in urea dr non protein nitrogen. The difference for both sexes 
together and for Hie men was statistically significant whereas 
the difference was only probable for the women. There was 
also a statistically probable difference between the sub- 
groups in both sexes with regard to the filtration fraction 
and the urea nitrogen. That the latter was not significant 
although it was the basis of the classification is conditioned 
by the same factor as when the material was classified 
according to the blood pressure. In oilier words, it was most 
frequently not a question of the figures found at the time 
of the investigation. For all the other tests, although (here 
were no significant differences, there was a tendency through- 
out to decreased function in the sub-group with higher non 
protein nitrogen, with the exception of the blood pressure 
levels for which scarcely any difference could he shown. 
This fact is in good agreement with the conclusion that the 1 
level or the blood pressure is not decisive for ihe retention 
of non protein nitrogen (v. p. 128 and 130). 

Oedema 

Very few of the patients manifested general oedema. The 
majority only showed a greater or lesser degree of facial 
oedema, puffiness or oedema of the eyelids, or latent oedema 
delected by repealed weighings. 

Table XXV shows that here, too, a statistically significant 
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Table XXIV. Mean (M) and standard error of the mean 1 (e) for cases with 
acute nephritis, distributed according to the highest level of the non pro- 
tein nitrogen if above or below 40 mg °' 0 (or urea nitrogen>or<20 mg"i). 
' *• 


Determination 

Non protein 
nitr. > 40 mg % or 
Urea nitr. > 20 mg % 

Non protein 
nitr. < 40 mg °,b or 
Urea nitr. < 20 mg °,' 0 

Num- 

ber 

M + e(M) 

Num- 

ber 

M + s(M) 


M 

e n 



Inulin clearance 

29 

79.0 + 6.0 

22 

109.2 + 5.7 

Diodrast clearance 

29 

360.0 + 21.2 

22 

428.9 + 19.3 

Filtration fraction 

29 

0.215 + 0.012 

22 

0.259 + 0.013 

Creatinine clearance 

13 

S5.6 + (S.4) 

4 

116.8 

Urea clearance 

14 

56.5 + (9.0) 

11 

91.0 + (5.9) 

Effect, renal blood flow 

29 

609.3 + 39.7 

22 

751.2 + 32.6 

Hematocrit 

29 

39.8 + 1.0 

22 

42.6 + 1.0 

Proteinuria 

27 

0.73 + 0.25 

IS 

0.11 

, (systolic .... 

Blood pressure J 

29 

130.0 + 2.6 

22 

131.1 

( diastolic . . . . 

29 

SO. 5 + 2.1 

22. 

S2.5 

Urea nitrogen, mg % 

15 

27.0 + 3.S 

12 

17.7 


Wo 

men 



Inulin clearance 

10 

59.6 + (9.5) 

28 

87.9 + 5.S 

Diodrast clearance 

10 

277.6 + (38,6) 

2S 

33S.6 

Filtration fraction 

10 

0.227 + (0.02S) 

28 

0.261 

Creatinine clearance 

s 

73.5 

11 

99.0 + (12.1) 

Urea clearance 

4 

40. S 

15 

55.4 + 4.6 

Effect, renal blood flow 

10 

440.1 + (63.2) 

28 

572.7 

Ha'matocrit 

10 

35.6 + (2.1) 

2S 

40.5 

Proteinuria 

10 

1.26 + (0.9S) 

27 

0.2G 

d, j f systolic 

Blood pressure-; 

( diastolic .... 

10 

10 

155.5 + (11.5) 
93.5 + (5.7) 

28 

28 

134.3 

85.0 

Urea nitrogen, mg % 

4 

24.3 

18 

18.14 + 0.93 

B 

o t h 

sexes 



Inulin clearance 

39 

74.0 + 5.6 

50 

97.3 + 4.3 

Diodrast clearance 

39 

33S.S + 19.3 

50 

37S.3 

Filtration fraction 

39 

0.21S + 0.011 

50 

0.260 + 0.009 

Creatinine clearance 

21 

S1.0 -5 7.4 | 

15 

103.7 + 10.5 

Urea clearance 

IS 

53.0 + 7.3 

26 

70.5 

Effect, renal blood flow .... 

39 

565.9 + 35.3 

50 

651.2 

Haimatocrit 

39 

38.72 + 0.97 

50 

41.46 + 0.66 

Proteinuria 

37 

0.87 + 0.32 

45 

0.20 

Blood pressure/ Sl °^ C 

39 

136.5 + 3.9 

50 

132.9 

( diastolic .... 

39 

S3. 8 + 2.3 

50 

83.9 

Urea nitrogen, mg % 

19 

26.45 + 3.08 

30 

17.95 + 0.71 


1 v. foot note p. 129 
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difference as regards inulin clearance in the two sub-groups 
was found for both sexes together. The conditions were the 
same in respect of the filtration fraction. In the remaining 
determinations the differences between the sub-groups were 
smaller and were only approximate!}* twice the standard 
error in the case of the creatinine clearance and the effec- 
tive renal blood flow, although the tendency, was the same 
throughout in the other tests with lower values in those with 
oedema. 

The Duration 

The last classification made by the writer was according 
to the duration of the acute nephritis, the borderline being 
fixed at three months. Attempts were first made to divide the 
material into several groups, but it was not sufficiently large 
for Ibis purpose. Moreover, difficulties arose in many cases 
in classifying the patients according to more sharply-drawn 
limits. By dividing the material into two sub-groups with the 
foremenlioned limit greater accuracy in the classification 
was assured and it was then possible to study, the effect on 
renal function in nephritis of short or long duration. On 
the other band, it was not possible Lo study the question of 
how many or which patients would later manifest chronic 
nephritis since in the majority of cases the observation time 
was too short. 

On perusal of Table XXVI it is seen that there were stati- 
stically significant lower values for the inulin and cliodrast 
clearances and the effective renal blood flow in the group 
that had not recovered within three months. In respect of the 
other tests there were throughout signs of greater renal lesions 
in tills group both in the sexes separately and together. The 
differences were twice the standard error or approaching 
this figure with the exception of Ihe urea clearance for which 
the standard error and the difference were of the same 
order of magnitude. 
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Tablo XXV. Moan (31) and standard orror of the moan 1 (s) for casos with 
acnto nephritis, distributed according - to occnrronco of oedema. 



Inulin clearance 

Diodrast clearance 

Filtration fraction 

Creatinine clearance 

Urea clearance 

Kffect. renal blood flow . . 

! hematocrit 

Proteinuria 

iji i f systolic . . 

Blood pressure | J 

( diastolic . 

t'rea nitrogen, mg % . . . 


Inulin clearance 


Filtration fraction . 
Creatinine clearance 
Urea clearance .... 


I hematocrit 
Proteinuria 


i>i i ( systolic 

Blood pressures . 


Frea nitrogen, mg 


Inulin clearance 

Diodrast clearance 

Filtration fraction 

Creatinine clearance 

Urea clearance 

Kffect. renal blood flow 

Hamialocril 

Proteinuria 


Blood pressure/ s J sl0 ^ 


Urea nitrogen, mg % 




Cases 



with (edema 

without oedema 

Num- 

ber 

M ± s(M) 

Num- 

ber 


M e n 




19 

7S.9 + 7.7 

32 

99.8 ± 0.0 


19 

309.7 + 25.5 

32 

401.0 


19 

0.213 + 0.014 

32 

0.246 


S 

7S.1 

9 

100.1 


9 

05.0 

10 

75.4 + 8.1 


19 

02S.4 + 49. S 

32 

095.5 


19 

39.7 + 1.5 

32 

41. S 


18 

0.73 + 0.21 

27 

0.31 


19 

131.3 + 3.5 

32 

130.0 


19 

81.8 + 2.3 

32 

81.1 


9 

25.1 

IS 

21.7 + 3.0 

W o m c n 




21 

69.2 + 5.4 

17 

94.3 + 8.S 


21 

313.9 + 24.0 

17 

33*3.3 


21 

0.223 + 0.014 

17 

0.289 + 0.01G 


9 

70 "l 

10 

99.2 ± (14.2) 


10 

48.5 ± (4.8) 

9 

50.7 


21 

513. G + 39. S 

17 

507.7 


21 

3S.5 + 1.3 

17 

40.2 


21 

0.70 + 0.47 

16 

0.29 


21 

144.3 + 0.3 

17 

134.4 


21 

89.3 + 3.5 

17 

84.7 


10 

17.4 + (1.3) 

12 

20.9 + (1.0) 

Both 

sexes 




40 

73. S + 4.0 

49 

97.9 + 4.9 


40 

340.4 + 1 7.S 

49 

377.9 


40 

0.218 + 0.010 

49' 

0.201 + 0.009 


17 

77.1 + 7.1 

19. 

102 5 + 9.5 


19 

50.3 + 0.1 

25 

OS. 7 


40 

5GS.I + 32.5 

49 

051.2 + 29.0 


40 

39.1 ± 1.0 

49 

41.2 


,‘S9 

0.72 + 0.27 

43 

0.31 


40 

13S.1 + 3.8 

49 

131.5 


40 

S5.S + 2.2 

49 

82.3 


19 

21.0 + 2.1 

30 

21.4 + 1.9 


1 v. foot note p. 129 
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Table XXYI. Mean (M) and standard error of the mean l (c) for eases with 
acute nephritis, distributed according' to the duration of the disease 


Determination 


Recovered within 
3 months 


Not recovered within 
3 months 


Num- 

ber 

M + e(M) 

Num- 

ber 

M + s(JI) 

M e n 



28 

101.0 +5.8 

23 

S1.0 + 7.8 

28 

416.0 + 15.7 

23 

357.7 + 27.0 

28 

0.244 + 0.013 

23 

0.221 

C 

99.8 

'll 

89.1 + (12.0) 

17 

75.2 + 7.0 

.8 

64.3 

28 

724. S + 30.4 

23 

604.5 + 47.5 

28 

41.93 + 0.92 

23 

39.91 

22 

0.25 + 0.12 

23 

0.70 + 0.28 

2S 

12S.4 + 2.2 

23 

133.0 

2S 

SO. 5 + 1.6 

23 

82.4 

IS 

21.9 + 2.2 

9 

24.9 

W omen 



16 

97.9 + 6.4 

22 

67. S + G.7 

16 

3GS.3 + 26.6 

22 

2S9.4 + 22.3 

1G 

0.273 + 0.015 

22 

0.237 

8 

113.6 

11 

69.8 + (12.0) 

13 

56.7 + (4.4) 

6 

42, S 

16 

617.4 + 46.0 

22 

479.9 + 3S.3 

16 

39.9 + 1.2 

22 

3S.8 

15 

0.160 + 0.074 

22 

0.777 + 0.445 

16 

135.3 + 3.6 

22 

143.2 

16 

83.4 + 2.0 

22 

90.0 + 3.S 

15 

18.09 + 0.92 

7 

21.79 

o l h 

sexes 



44 

99.9 + 4.3 

45 

74.5 + 5.2 

44 

39S.6 + 14.1 

45 

324.3 + 1S.1 

44 

0.255 + 0.010 

45 

0.229 + 0.010 

14 

107.7 + (7.4) 

22 

79.5 + 8.5 

30 

67.2 + 4.6 

14 

55.1 + (9*3) 

44 

685.7 + 26.4 

45 

543. G + 31.8 

44 

41.18 + 0.73 

45 

39.36 

37 

0.211 + 0.079 

45 

0.740 + 0.258 

44 

130.9 + 2.0 

45 

138.0 + 3.3 

44 

81.6 + 1.3 

45 

S6.1 + 2.3 

33 

20.1 + 1.3 

16 

23.5 + 3.3 


Imilin clearance 

Diodrast clearance 

Filtration fraction 
Creatinine clearance 

Urea clearance 

Effect, renal blood flow 

Hannalocrit 

Proteinuria 


Blood pressure ( si0 ^ c 
1 diastolic 

Urea nitrogen, mg % . . 


Imilin clearance 

Diodrast clearance .* 

Filtration fraction 

Creatinine clearance . . . . 

Urea clearance 

Effect, renal blood flow 

Htematocril 

Proteinuria 

f systolic 


Blood pressure 


I diastolic 


Urea nitrogen, mg % 


Inulin clearance ^ 

Diodrast clearance 

Filtration fraction 

Creatinine clearance .... 

Urea clearance 

Effect, renal blood flow 

Hiematocril 

Proteinuria 

f systolic 
( diastolic 
Urea nitrogen, mg % . . 


Blood pressure 


B 


1 v. foot note p. 129 
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Summary and Discussion 

An account has been given in Lhe foregoing of the nu- 
merical results obLainecl but no closer discussion of their 
implication has been entered into. All the patients obviously 
manifested the obligatory symptoms, i.e. proteinuria and 
haemaluria, and the facultative symptoms — elevation of 
the blood pressure, increase in non protein nitrogen or urea 
nitrogen and oedema — occurred in 13 to -15 per cent of the 
cases (Table XXI. p. 125). 

In the study of the material an analysis was first made 
of how large a proportion manifested pathologically decrea- 
sed figures for the various tcsls (Table XYHD and further a 
calculation of how often two different tests showed simultan- 
eously decreased figures (Table XIX). 

As regards the first of these analvscs. it was found that 
approximately 50 per cent of the cases had a decreased inulin 
clearance and the conditions were practically the same in 
the case of creatinine clearance. The number with patho- 
logical figures was smaller in the other lesls. particularly in 
rcsiiccl of urea clearance and urea nitrogen. The reason that 
a larger proportion of the material did not manifest definitely 
pathological figures is obviously to be sought in the fact lhaL 
many of the patients only suffered from mild nephritis. This 
can also be deduced from the fact that only 13 to 45 per cent 
of the cases had facultative symptoms. 

A calculation of the correlation between the various tests 
showed not only that those tests which are referable to one 
and the same renal function were simultaneously depressed 
hut also that there was a correlation between tests relating 
to different processes in the kidney. The latter fact would 
appear to indicate that several parts of the nephron are 
damaged. 

In addition^ a comparison has been made between the 
results of the various tests in the nephritic material as a 
group and the normal material. Briefly, the results were 
as follows. 

Statistically significant differences from the normal were 
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obtained for all the figures with the exception of urea nitrogen 
and the systolic blood pressure for which the differences 
were only approximately twice the standard error and for 
the urea clearance for which, however, it was statistically 
probable. As a typical finding in this disease, the writer 
— as did earlier workers — particularly Stein itz (1941) 
and Hilden (1945)., observed that although all the clear-' 
ance figures were decreased, that of inulin was more decrea- 
sed than that of diodrast and the filtration fraction was thus 
lower than normal. Is tills fact of practical importance 

F. F. 



cates the normal value of the filtration fraction. 

when judging an individual c.ase? In order to' answer this 
question, a survey was made of the entire material and there 
the figures for the filtration fraction were combined with 
rising figures for inulin clearance (v. fig. 7). It is seen that 
there is a general tendency to a lower filtration fraction 
the lower the inulin clearance. Moreover, it can he seen 
that at inulin clearances below 60 ml per minute: all the 
22 patients had a filtration fraction far below normal. It 
was between 0.15-0.20 for the majority as compared with 
0.275 for the normal material. At inulin clearances below 
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90 nil per minute, all Hie -11 patients had a lowered filtra- 
tion fraction, with the exception of four, who had figures; 
between 0.30-0.35. When the filtration rose above 90 ml per 
minute, approximately one half of the cases had a lowered 
and the rest a raised filtration fraction. The diagram thus 
shows that the majority of patients with a filtration figure 
between 90 and 120 ml per minute had a filtration fraction 
below the normal level, whereas the opposite occurred in 
those with an inulin clearance of 120-155 ml per minute, i.e. 
a raised figure for the majority. 

To sum up the information given by this diagram, it can 
be stated that acute nephritis with a marked decrease in 
the filtration rale almost without exception exhibits a low 
filtration fraction and the diagnosis is thus confirmed. On 
the other hand, the filtration fraction affords very little in- 
formation concerning the possibilities of recovery or whether 
there is a tendency to a chronic form of the disease. Nor 
does it help us to assess the future duration of the disease. 
Certain information regarding the last-mentioned can never- 
theless be obtained from the degree of disturbance in renal 
function (v. the following). 

When the manner in which this disturbance takes place 
is to be discussed in acute nephritis, reference is made to 
the chapter ^General Discussions in the present paper, where 
this proldem is dealt with in connexion with the other groups 
of diseases investigated. 

The writer came to the following conclusions after grouping 
the material according to different clinical data such as blood 
pressure, oedema, level of non protein nitrogen, and with 
regard to the duration of the disease. In the different groups 
two sub-groups are set up, i.e. one with more and one with 
less pronounced symptoms. In the sub-groups with more 
pronounced symptoms and longer duration respectively, renal 
function is more impaired. For some of the groups there 
are significant differences between the two sub-groups in 
the results of the tests but such differences are found 
throughout in respect of llic inulin clearance. The ‘tendency 
is otherwise practically identical for the other figures, i.e. 
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poorer function accompanying more severe symptoms or 
longer duration, although the differences are not statistically, 
significant or even probable hi the majority of cases. This 
was naturally expected a priori , but the significance of these 
observations is that they afford further proof of the value 
of clearance determinations when the nature and the extent 
of renal damage are to be estimated. As a complement to 
clinical examinations, these clearance determinations afford 
a possibility of registering — - in a way easier than any other 
— changes towards improvement or deterioration. 

The forementioned applies to the diagnosis of acute nephri- 
tis and the possibility’" of determining the degree of renal im- 
pairment by means of clearance determinations. What are 
then the possibilities of obtaining an idea of the prognosis or 
the duration of the disease on the basis of these tests? In 
answering the first part of the question no statement can be 
made: the prognosis quoad vitam was good in all the cases 
investigated. Since, however, it was not possible to follow 
up the cases for a long time — the longest period being fonr 
years — the question of the prognosis as regards recovery 
must be left, on the whole, unanswered. It is scarcely possible 
from fig. 7 to envisage how those cases that fully recover, 
can be separated from those that pass over into a chronic 
stage. The latter should probably be sought among those 
showing the greatest impairment of renal function at the 
investigation. Here, however,' the figures for the filtration 
fraction are so uniform thaL it would be difficult to obtain 
any information even if we could anticipate tire future con- 
dition of the patient after, for example, ten or twenty years. 
On the oLher band, as mentioned earlier, there arc certain 
possibilities of estimating the duration of the disease on the 
basis of the functional tests. In order to demonstrate this, 
the writer drew a diagram (fig. 8) based on the following 
classifications: I = cases that showed increased values in the 
non protein nitrogen (or proportionate rises in the urea 
nitrogen) at the investigation. II ~ cases that at the time 
of the investigation had normal figures for non protein 
nitrogen and/or urea nitrogen, but at the onsel of the disease 
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Firj S. Diagram showing the relation between inulin clearance and various 
clinical symptoms with regard to the time for recovery in acute nephritis. 
Explanation in the text (p. 140 — 11). 


or during its course (but before the investigation) had raised 
figures for one or other or both of these determinations. Four 
sub-groups were made within each of these groups according 
to the level of the non protein nitrogen. (7:>100 mg °/o, 
11 : 100-SI mg o; 0j Hi: 80-01 mg °/o' and iF: 60-11 mg °/o.) Within 
each of these sub-groups, the cases were classified according 
to whether they had normal blood pressure or not at the' 
time of the investigation (blood pressure > 160/90 on the left 
and pressure < 160/90 on the rigliL side of the dotted line). 
Group III included patients who, neither at the time of the 
investigation nor earlier, showed any rise in non protein 
nitrogen. There were three sub-groups here, i.e. according 
to the level of the blood pressure al the lime of the investiga- 
tion 160/90 mm Ilg respectively) [a], oedema or absence 
of oedema [b], and lastly those who in addition to haema- 
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luria and proteinuria showed no such » peripheral: s ion S 
of acute nephritis [cj. • 

The inulin clearance figures are given in this 'diagram 
(fig. 8), the cases that recovered within three months being 
denoted with X and those that were apparently not then 
recovered but concerning whose future fate information was 
not always available with#. The following information can 
be obtained from this diagram. In group I, i.e. those with 
a rise in non protein nitrogen, the duration was more than 
three months in 15 of the 18 cases. Two of these 18 cases bad 
normal inulin clearance figures at the time of the investiga- 
tion and both were clinically recovered within three months. 
In group II, i.e. the patients with retention of non protein 
nitrogen earlier but not aL the lime of the investigation, it 
is seen that the lower Hie inulin clearance the greater are 
the prospects of a duration of more than three months. The 
conditions are the same in group III. It is thus seen that 
when the filtration values were below 70 ml/miu, the dura- 
tion of the disease had been more than three months with 
the exception of one case. This was independent of whether 
the patient was hypertensive or not, whether he was or was 
not oedemalous or if he showed no other symptoms than 
the positive findings in the urine, i.e. haematuria and pro- 
teinuria. 

The only conclusions that can be drawn from the foregoing 
are the following. The duration of the disease is in the 
majority of cases more than three months for azolaeraic 
patients. The results of renal functional tests give more 
accurate aid than any clinical symptom in deciding whether 
the patient can recover from nephritis within three months or 
not, provided that filtration is below 70 ml/min. Of the 27 
patients who showed a lower filtration figure, only one had 
apparently recovered within three months. With higher filtra- 
tion figures, the prospect of a shorter duration is considerably 
greater, and the majority of cases recovered within tin's pe- 
riod. If this is confirmed on a larger material — and in view 
of the unequivocal figures there is no reason to doubt tin's 
— the determination of the filtration rate can he considered 
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as a good diagnostic aid, aL any rale as regards Ihc duration 
of the disease. In other words: a filtration value below 70 
ml/min in all probability means a duration of at least three 
months. On the oilier hand, it must once more be emphasized 
that the question of whether the illness will be chronic or 
not cannot be answered by means of such a determination. 


Chronic Glomerulonephritis 

The writer's material consisted of IS patients, 23 men and 
23 women, suffering from chronic nephritis. In handling 
this material, the same analytical method was used, as for 
acute* nephritis. 

An account in first given of the age-distribution of the ma- 
terial. A comparison is then made between the chronic 
ncphrilics and the normal material bolli as a group and in- 
dividually in respect of the known borderlines, 2c and 3c 
respectively. A calculation is then made of the correlation 
between the different tests as well as between the various 
symptoms and the results of these lasts. The distribution 
according to age is seen from the general survey of the ma- 
terial (Table XI, p. 515). 

The results of all the tests made arc given in tabular form 
(Table XXVII) and it can be seen that all the mean figures 
for both men and women arc considerably lower than for 
the normal material with the obvious exception of those for 
systolic and diastolic blood pressure and for urea nitrogen, 
which arc higher. The filtration fraction is, however, of 
the same order or magnitude as in the normal material. The 
significance of the latter fact will be dicusscd later (p. 164). 
The standard deviation of the various figures is naturally 
considerably greater than in the normal material since this 
material consisted of individuals in different stages of chronic 
nephritis, from relatively early stages to the final uraemic 
one. All the differences between the mean figures for the 
normal cases and those for the chronic ncphrilics are sta- 
tistically significant with the exception of Ihc forementioned 
filtration fraction (Table XXVIII). 



Table XXVII 

Moan (HI) standard error of the mean (s) and standard deviation (a) in different 
tests for- men and women with chronic nephritis. 
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Table XXVIII 

Difl'oroncos between normal eases and cases with chronic nephritis in 
regard to diiTorent tosts. A minus difference signifies that the normal 
figure is larger, a plus difference signifies the contrary. 


Determination 

Imilin clearance 

Diodrasl clearance • • • • 

iMllration fraction 

Grealinine clearance .... 

•llrea clearance 

Kffect. renal blood flow . 

Hivmalocrit 

, ( systolic . 

Blood pressure i ~ 

1 diastolic. 

Urea nitrogen, nig % ... 

I 

III is of particular interest in Lliis connexion to investigate 
to what extent t he figures obtained fall outside Hie normal 
range of variation. A calculation of Ibis has been made in 
Tit ble XXXI for those lesls which showed no significant dif- 
ference between the sexes in Ibc normal material. If Uie bor- 
derline is fixed at 3a, 92 per cent show decreased values for 
the imilin and diodrasL clearances and a somewhat smaller 
percentage for the creatinine clearance. As was the case for 
acute nephritis, Uie percentage is smallest for the urea clear- 
ance and urea nitrogen. The number of cases with a decrea- 
sed filtration fraction is considerably smaller than those with 
a decrease in the imilin and diodrasl clearances. This is 
linked with the stale of Ihe filtration fraction in impaired 
renal function (v. Summary and Discussion). 

The mutual relation between the various lesls is seen in 
Table XXIX. in which, in llxe same way as in acute nephritis, 
a calculation is made of the cxpeclcd and observed figures. 
The expected figures are obviously considerably higher here 
Hum the corresponding ones for acute nephritis, since in 
Ibis material of chronic ncphvilics there is a far larger 
number of cases with very reduced renal function (v. Table 
XXXI . 


Men Women Both sexes 


- SO. 4 ± 0.0 - 73.9 ± G.5 77.9 ± 4.4 

275.5 ± 24.3 - 2G4.1 ± 23.6 - 271.3 ± 1G.7 

-0.007 ± 0.017 +0.007 + 0.019 -0.001 + 0.012 

- 73. G + 10. 1 - 93.3 + 13.1 90.2 + 10.2 

- 4G.9 + G.5 - 33.4 + 10.3 - 42.4 + 5.3 

5G0.9 + 41.4 -- 493.2 + 3S.0 - 537. G + 2S.5 

9.4 + 1.0 S.3 + 1.7 -9.4 + 1.2 

+ 45. S + G.S +43.0 + 7.2 +44.5 + 4.9 

+ 33.0 + 4.7 +30.2 + 4.9 +31.8 + 3.3 

+ 1G.4 + 4.0 + 12.0 ± 3.4 + 14.7 + 2.9 


10 
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Table XXIX 

Expoctod and observed values (in por cent) of cases with chronic neph- 
ritis outside cortain limits for normal valnos (2 o and 3 c) 
in pairs of difforont tests 1 . ’ 


Determination 

Number 

Expected value, % 

Observed 
value, 5 

2a 

3g 

2o 


Inulin clearance 

— Diodrast clearance 

48 

86 + 5.0 

85 + 5.2 

30 

% 

Inulin clearance 

— Filtration fraction . . 

48 

37 + 7.0 

29 + G.5 

38 

23 

Inulin clearance 

— Creatinine clearance 

15 

80+10.3 

74+11.3 

87 

80 

Inulin clearance 

— Urea clearance 

31 

G3 + 8.7 

27 ± 8.0 

6S 

23 

Inulin clearance 

— Urea nitrogen, mg % 

3G 

5G Hr 8.3 

43 + 8.3 

G1 

4i 

Diodrasl clearance 

— Filtration fraction - . 

48 

3S + 7.0 

29 + G.5 

38 

23 

Diodrast clearance 

— Creatinine clearance 

15 

82 + 9.9 

74+11.3 

S7 

80 

Diodrasl clearance 

— Urea clearance 

31 

G4 + 8.G 

27 ± S.O 

G5 

23 

Diodrast clearance 

— Urea nitrogen, mg % 

3G 

57 + 8.3 

43 + 8.3 

5S 

44 

Filtration fraction 

— Creatinine clearance 

15 

35+12.3 

25+11.2 

33 

13 

Filtration fraction 

— Urea clearance ■ ... 

31 

27 + S.O 

9 + 5.1 

35 

16 

Filtration fraction 

— Urea nitrogen, mg % 

3G 

24 + 7.1 

15 + G.O 

28 

22 

Creatinine clearance 

— Urea clearance' 

6 

59 

23 

50 

50 

Creatinine clearance 

— Urea nitrogen, mg % 

IS 

53+11.8 

38+11.4 

3S 

3? 

Urea clearance 

— Urea nitrogen, mg % 

31 

41 + S.S 

14 + G.2 

52 

29 


1 The expected values are obtained simply as a product of the frequency of the 
respective tests (v. Table XXXI) and should apply if there was only a random 
combination. 


The figures obtained empirically agree with the calculated 
and expected figures. There are no significant differences. 
The standard error is, however, large owing to the small size 
of flic material. It is possible that in a larger material a cor- 
relation could be shown by means of a corresponding com- 
parison. This was not possible in the present writer’s ma- 
terial. 

Reference is made to the account in Chapter III for the 
criteria required for the diagnosis of chronic nephritis. It 
need only be recalled here that proteinuria and haematuria 
or oilier pathological changes in the urinary sediment are 
obligatory symptoms. The facultative symptoms are lelina 
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changes, elevation of the blood pressure, raised non protein 
nitrogen and anaemia. The frequency of these symptoms 
is seen in Table XXX. 

In order to obtain an idea of the extent to which the 
decrease in renal function can be judged by the actual clinical 
symptoms, the following survey was made. Since, however, 
the material is small the number of cases did not always allow 
a calculation for men and women separately. Calculations 
were therefore also made throughout for both sexes together. 
The material was divided into the following sub-divisions: 

A. 1. Cases with retinal changes I-II. 

2. Cases with retinal changes III-IY. 

B. 1. Cases with systolic blood pressure > 190 mm Hg. 

2. Cases with systolic blood pressure < 190. mm Hg. 

C. 1. Cases with diastolic blood pressure > 100 mm Hg. 

2. Cases with diastolic blood pi’essure < 100 mm Hg. 

D. 1. Cases with non protein nitrogen > 40 mg per cent 

or urea nitrogen > 20 mg per cent. 

2. Cases with non protein nitrogen < 40 mg per cent 
or urea nitrogen < 20 mg per cent. 

E. 1. Cases with anaemia, Hb < 75 per cent. 

2. Cases without anaemia, Hb 2: 75 per cent. 

This classification is also based on the fact that the prog- 
nosis for this disease differs in the two sub-divisions in 
groups A-E and it was therefore from this point of view 
as well considered of interest to investigate the slate of renal 
function in the various groups. In the survey of this material 
(Table XXXII) all the cases have therefore been shown clas- 
sified according to the groups in the foregoing and distributed 
according to the age-groups from < 20 to > 71 yeai's. The 
number of deaths in the various groups is given in brackets 
as a rough contrast to the prognosis. 

Retinal Changes 

There are various basic methods for the classification of 
retinal changes. The present writer has classified dam 
according to the criteria set up by Keith (1933) into tie 



Table XXXII. The material of chronic nopliritics tabulated according to ago and various 
symptoms. Tho figures in brackets indicate tlio number of deaths. 
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following four groups: I. Somewhat narrower blood vessels 
than normal, possibly slight changes in calibration. II. Nar- 
row vessels, pronounced changes in calibration. III. Hae- 
morrhages and exudate, mild papilloedema. IV. Pronounced 
papilloeclema and usually the same symptoms as in III 
as well. No retinal changes are denoted with 0. This classi- 
fication was originally intended for use in essential hyperten- 
sion, but there is obviously nothing to prevent its use in 
chronic glomerulonephritis since the retinal changes are in 
principle of the same nature in both diseases. 

In order to make possible a comparison between the state 
of renal function and retinal changes, the writer was obliged 
to amalgamate groups 0-11 and to compare them with the 
group of severe changes in the fundi, which includes Keith’s 
groups III-IV. 

Table XXXIII shows the respective figures for men and 
women separately and for both sexes together. There is 
hardly any reason why the sexes should behave differently 
in respect of tire symptom in question, and the figures are 
given merely for the sake of completeness. The figures for 
both sexes only will be discussed. 

As is seen from the table there were only statistically signi- 
ficant differences between the sub-groups in respect of the 
systolic and the diastolic blood pressure, i.e. higher values 
in the group III-IV. As regards the urea nitrogen the dif- 
ference also was significant. In order to get a reliable stan- 
dard error, however, for the group with retinal changes 
III-IV a special method of computing this standard error 
was used. It was assumed that if there was no difference 
between the groups, there also should be about the same 
standard deviation for them. Consequently, the standard 
deviation for the group with, retinal changes I-II was use 
for computing the standard error of the mean for the g r0U P 
with retinal changes III-IV; this because that group was too 
small to give a reliable standard deviation. In the following 
the same method was us'ed whenever a similar situation arose. 

In all the other tests, with the exception of proteinuria 
and the filtration fraction in which no difference coul 
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Table XXXIII. 

Mean (M) and standard error of the moan 1 (e) in cases with chronic 
nephritis distributed according to retinal changes. 


Determination 


Retinal 

changes 

0 — II 

III — IY 


Num- 

ber 

M + e(M) 

Num- 

ber 

M + e(M) 


Men 


Inulin clearance 

15 

5G.3 

+ 

7.4 

10 

23.4 + (3.9) 

Diodrast clearance 

15 

224. S 

+ 

30.4 

10 

9G.4 + (19.0) 

Filtration fraction 

15 

0.2G2 

+ 

0.017 

10 

0.2S1 + (0.031) 

Creatinine clearance 

2 

81.0 

G 

26.8 

Urea clearance 

13 

41.2 

+ 

4.5 

G 

23.2 

Effect, renal blood flow 

15 

383.0 

± 

52.2 

10 

155. G + (28.3) 

Hiemalocrit 

15 

39.1 

± 

2.1 

10 

35.3 + (2.1) 

Proteinuria 

15 

2.15 

± 

0.83 

10 

1.65 + (0.97) 

, ( systolic 

Blood pressure < ,, 

( diastolic . . . 

15 

15 

1G1.3 

98.7 

± 

± 

G.O 

4.4 

10 

10 

204.1 + (11.0) 
12G.4 + (7.3) 

Urea nitrogen, mg % 

14 

24.3 

± 

(1.8) 

G 

55.2 


W o m e n 


Inulin clearance 

1G 

44.2 + 7.0 

7 

4G.G 

Diodrast clearance 

1G 

1G8.3 + 25.2 

7 

181.7 

Filtration fraction 

1G 

0.289 + 0.022 

7 

0.2G1 

Creatinine clearance 

5 

G9.G 

3 

3G.3 

Urea clearance 

10 

37.0 + (7.S) 

2 

6G.0 

Effect, renal blood flow .... 

10 

2G3.4 + 43.1 

7 

284.1 

Hrematocrit 

1G 

33. S + 1.8 

7 

36. 1 

Proteinuria 

10 

2.G + 1.0 

7 

2.3 

Blood pressure / s i sl0 ^ c 

1G 

161.9 + 0.3 

7 

200.0 

(diastolic ... 

1G 

100. G + 4.1 

7 

122.1 

Urea nitrogen, mg % 

12 

31.8 + (4.0) 

4 

27.8 

B 

o l h 

sexes 



Inulin clearance 

31 

50.1 + 5.1 

17 

32.4 -f 5.5 

Diodrast clearance 

31 

195. G + 20.0 

17 

131.5 + 22.8 

Filtration fraction 

31 

0.27G + 0.014 

17 

0.273 + 0.021 

Creatinine clearance 

7 

72.9 

9 

30.0 

Urea clearance 

23 

39.3 + 4.2 

8 

33.9 

Effect, renal blood flow .... 

31 

321.3 + 34.8 

17 

208.5 + 33.9 

Hrcmatocril 

31 

3G.3 + 1.4 

17 

35. G + 1.7 

Proteinuria 

31 

2.38 + 0.C4 

17 

1.90 + 0.84 

Blood pressure / S 5 S ^°^ 1C 

31 

1G1.G + 4.3 

17 

202.5 + 8.7 

( diastolic . . . 

31 

99.7 + 2.9 

17 

124.7 + G.O 

Urea nitrogen, mg % 

2G 

27.8 + 2.2 

10 

44.2 + (3.5) 


1 v. foot note p. 129 
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.Found, there was, nevertheless, a tendency throughout to 
greater functional impairment in the group III-IV as com- 
pared with the group O-II. This difference was throughout 
slightly more Ilian twice the standard error. Had the ma- 
terial been larger, iL is very probable that this tendency 
would have been significant. 

The Systolic Blood Pressure 

The basis on which the classification was made in this 
group is naturally open to discussion on various grounds. 
The aim of the prcsenL writer was to investigate whether a 
considerable elevation of the blood pressure had any relation 
to the actual renal function. The material was not sufficiently 
large to give the figures for groups with varying degrees of 
hypertension, which would otherwise obviously have been 
desirable. A survey of the situation is given in fig 10. It was 
therefore necessary to fix some value as a borderline fob 
high blood pressure. This naturally implies considerable 
difficulties, particularly since the present material comprised 
individuals in such varying age-groups. Somewhat over 50 
per cent of the cases were less than 50 years of age. 190 mm 
Hg was chosen Tor the following reasons. At or above this 
figure the blood pressure is always considered as pathologic- 
ally raised. Moreover, this limit was suitable to use in the 
present material for a division into groups each containing 
half the number of cases. 

It is seen from Table XXXIV that there was no statistically, 
significant difference between the two sub-groups except the 
obvious one in regard to blood pressure — both systolic and 
diastolic. The figures for the blood pressure are only given 
• here as in. the other tables in order to ascertain how large 
the differences were in this respect in the present material. 
In the other tests the figures were consistently lower foi 
men in the group with blood pressure g 190 mm Hg, ^ with 
the exception of urea nitrogen where the figure was higher 
There seem to be no such differences in the female gionp. 
For both the sexes together there was the same tendency 
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Table XXXIV. Mean (M) and standard error of the mean^s) of different 
tests in cases with chronic nephritis distribnted according to 
systolic blood pressure above and below 190 mm Hg. 


Determination 

Systolic blood pressure, mm Hg 

> 

190 mm Hg 

< 

190 mm Hg 

Num- 

ber 

M + e(M) 

Num- 

ber 

M + s(M) 


M e n 



Inulin clearance 

10 

36.1 +(10.1) 

15 

4S.8 

Diodrast clearance 

10 

146.0 +(46.2) 

15 

191:7 

Filtration fraction 

10 

0.275 +(0.031) 

15 

0.266 

Creatinine clearance 

5 

2S.4 

2 

81.0 

Urea clearance 

7 

30.3 

12 

38.5 +(4.4) 

Effect, renal blood flow .... 

10 ■ 

236.7 +(72.2) 

15 

32S.9 

Hamialocrit 

10 

37.1 +(2.1) 

15 

3S.0 

Proteinuria 

10 

0.99 +(0.44) 

15 

1.99 

. ( systolic .... 

10 

204.5 +(9.6) 

15 

157.3 + 5.2 

Blood pressure { J 

1 diastolic . . . 

10 

126.5 ±(0.0) 

15 

97.1 + 4.4 

Urea nitrogen, mg % 

7 

42.6 

13 

28.7 +(4.7) 


Women 



Inulin clearance 

8 

51.1 

15 

41.0 + 6.0 

Diodrast clearance 

8 

175.3 

15 

170.8 + 29.0 

Filtration fraction 

8 

0.2SS 

15 

0.277 + 0.022 

Creatinine clearance 

2 

49.0 

0 

59.8 

Urea clearance 

5 

59.6 

7 

29.1 

Effect, renal blood flow .... 

8 

277.5 

15 

265.6 + 49.0 

Htematocrit 

8 

37.S 

15 

32.7 + 1.8 

Proteinuria 

8 

3.97 

15 

1.72+0.70 

Blood pressure ( s ^°^ c 

8 

200.9 

15 

155.7 + 5.8 

t diastolic . . . 

8 

125.6 

15 

97.3 + 3.9 

Urea nitrogen, mg % 

7 

27.0 

9 

33.7 

B 

oth 

sexes 



Inulin clearance 

18 

42.8 + 7.9 

30 

45.2 

Diodrast clearance 

18 

159.0 + 28. 6 

30 

181.3 

Filtration fraction 

18 

0.281 + 0.022 

30 

0.271 

Creatinine clearance 

7 

34.3 

S 

05.1 

Urea clearance 

12 

42.5 + (7 3) 

19 

35.1 

Effect, renal blood flow .... 

18 

254. S + 43.9 

30 

• 297.2 

Hsematocrit 

IS 

37.4 + 1.0 

30 

35.7 

Proteinuria 

18 

2.31 + 0.96 

30 

1.85 

•d-i i ( systolic 

Blood pressure ( 

18 

205.6 + 6.4 

30 

156.5 jb 3.8 

f diastolic ... 

IS 

126.1 + 5.1 

30 

97.2 + 2.9 

UVea nitrogen, mg % 

14 

34.8 +(5.2) 

22 

30.8 


1 v. foot note p. 129 
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lo differences as in the male group although this was less 
evident. The standard errors of the means were not, however 
calculated in those with systolic blood pressure < 190 mm 
Hg, since it was obvious that no differences were even 
probable. 


The Diastolic Blood Pressure 
• 

The writer fixed 100 mm Hg as the borderline figure 
between the two sub-groups to be compared. The reason for 
this choice was the same as in the case of tire systolic blood 
pressure, although the figure here may appear to be on the 
low side. Had a higher figure been chosen, the distribution 
in the two sub-groups would, however, have been still more 
unequal. Reference is made to fig 10 for a more detailed 
valuation of the level of diastolic pi-essure and its relation 
lo the actual renal function. 

Since the sub-groups were not sufficiently large in either 
sex to allow a comparison between them, calculations were 
made in this case as well for both sexes together (Table 
XXXV). The standard errors of the means were only cal- 
culated when it was evident that a possibility of a significant 
difference was present but none could be demonstrated. 
Almost throughout, however, signs of more impaired function 
in the groups with higher diastolic pressure seem to exist in 
all the tests both for men and women separately and for 
both sexes together. 

• 

Non Protein Nitrogen or Urea Nitrogen 

As a basis for the classification of the cases in this group 
the writer used the upper normal values for non protein 
nitrogen and urea nilrogeh respectively, as given in Chapter I 
(p. 17). Difficulties occured in placing a number of cases, 
i.e. those who for example had values under 40 mg per cent 
in one or two determinations of non protein nitrogen, but 
had a concentration of urea nitrogen that, according to the 
basis lor this classification, was slightly raised. The following 
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Table XXXV. Mean (M) and standard error of the moan 1 (e) in casos -with 
chronic nephritis distributed according: to diastolic blood prossnro. 


Determination 

Diastolic blood 

pressure, mm Hg 

^ 100 

< 100 

Num- 

ber 

M + e(M) 

Num- 

ber 

M + s(M) 


M 

c n 



Intilin clearance 

10 

3S.4 + 0.7 

9 

53 1 

Diodrast clearance 

10 

159.0 + 30.9 

9 

199.1 

Filtration fraction 

10 

0.2GS + 0.022 

9 

0.273 

Creatinine clearance 

0 

41.5 

1 

55.0 

Urea clearance 

13 

33.8 +(4.4) 

0 

39.2 

Effect, renal blood flow 

10 

273.1 + 51.3 

| 9 

325. S 

Ilaunatocrit 

10 

39.6 + 1.8 

9 

35.2 

Proteinuria 

10 

1.78 + 0.77 

9 

1.24 

, /systolic .... 

Blood pressure { * 

\ diastolic . . . 

10 

190.0 + S.2 

9 

151.7 

10 

121.0 + 4.9 

9 

SO. 2 

Urea nitrogen, mg % 

13 

37.S +(0.5) 

7 

25.0 


Wo 

men 



Intilin clearance 

10 

43. S + 7.4 

7 

47.0 

Diodrast clearance 

1G 

159.3 + 25.1 

7 

202.3 

Filtration fraction 

10 

0.290 + 0.023 

7 

0.259 

Creatinine clearance 

8 

57.1 

0 

— 

Urea clearance 

10 

40.0 +(7.9) 

2 

21.0 

Effect, renal blood flow .... 

10 

201.4 + 43.0 

7 

2S8.7 

Ila'inafocrit 

1G 

30.9 + 1.0 

7 

29.0 

Proteinuria 

10 

2.52 + 0.99 

7 

2.47 

r,. , /systolic .... 

Blood pressure { J 

/diastolic ... 

10 

181.9 + S.1 

7 

154.3 

1.0 

110.9 + 4.9 

7 

85.0 

Urea nitrogen, mg % 

12 

30.3 + 3.0 

4 

32.2 

B 

o t h 

sexes 



Inulin clearance 

32 

41.1 + 5.0 

10 

50.7 

Diodrast clearance 

32 

159.1 + 19.0 

16 

200.5 

Filtration fraction 

32 

0.279 + 0.010 

10 

0.207 

Creatinine clearance 

14 

50.4 +(9.5) 

1 

55.0 

Urea clearance 

23 

39.1+4.3 

S 

34.0 

Effect, renal blood flow .... 

32 

207.2 + 32.9 

10 

309.0 

Ha-matocrit 

32 

38.2 + 1.2 

10 

32.5 + 2.0 

Proteinuria 

32 

2.15 + 0.G2 

10 

1.78 

Blood pressure / S 5 S *°^* C 

32 

185.9 + 5.7 

10 

152.S + 6.S 

( diastolic . . . 

32 

119.2 + 3.4 

10 

85.7 + 1.9 

Urea nitrogen, mg % 

25 

34.2 + 3.8 

11 

28.0 


1 v. foot note p. 129 
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principle was therefore adopted. If the majority, of determina- 
tions gave normal values the patient was classified as normal. 
If two determinations only were made, the patient was 
classified according to Lhe results of that of the non protein 
nitrogen. The reason for this procedure was that determina- 
tion of non protein nitrogen is made as a matter of routine 
at the University Hospital in Upsala, whereas urea nitrogen 
is only determined in certain cases. 

The figures for the different tests in these two groups are 
seen in Table XXXVI. The very unequal distribution both for 
men and for women made a calculation impossible for 
either sex separately. In view, however, of the evident dif- 
ference present, the results would certainly have been the 
same as in the calculation made for both sexes together, i.e. 
significant lower values for the inulin and diodrasl clear- 
ances, for effective renal blood flow and, of course, higher 
for urea nitrogen. The figures for lhe blood pressure were 
practically of lhe same order of magnitude in both groups, 
and this is also true of the filtration fraction. The haema- 
locrit figures were, however, consistently lower in the group 
with higher non protein nitrogen, although the difference 
was not even probable. When computing the standard errors 
of the means of the smaller group, the method described on 
p. 150 was used. 


Haemoglobin Level 

It lias long been known that a correlation exists between 
anaemia and renal insufficiency. Brown and Roth (1923) 
thus found anaemia in 137 oul of 139 patients with pronoun- 
ced renal insufficiency, only two showing normal blood 
counts. Ashe (1929) also found a definite correlation be- 
tween the degree of renal insufficiency and the blood level 
and he was of lhe opinion that anaemia of various types is 
often found in different kinds of renal insufficiency. Van 
Sly Ice, McIntosh, Mo llcr, Hannon and Johnston 
(1929) and Bruger and Mosenlhal (1932) found a de- 
finite correlation between the urea clearance and anaemia 
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Table XXXYI. Moan (M) and standard error of the mean 1 (e) of different 
tests in cases with chronic nephritis distributed according' to 
non protein iiitrogon above or below 40 mg 


Determination 


Non protein 
nitr. > 40 mg % or- 
Urea nitr. > 20 mg 


Non protein 
nitr. <40 mg"« or 
Urea nitr. < 20 mg n '„ 


Inulin clearance 

Diodrasl clearance 

Filtration fraction 

■Creatinine clearance . . . 

Urea clearance 

Hffecl. renal blood flow 

Hroniatocril 

Proteinuria 


Blood pressure 


f systolic .... 
\ diastolic . . . 


Urea nitrogen, mg % 

Inulin clearance 

Diodrasl clearance . 

Filtration fraction 

Creatinine clearance 

Urea clearance 

Hffect. renal blood flow . . . . 

1 hematocrit 

Proteinuria 

... . f systolic 

Blood pressure ■! " 

(diastolic ... 

Urea nitrogen, mg % 


Inulin clearance 

Diodrasl clearance .... 
Filtration fraction .... 
Creatinine clearance . . 

Urea clearance 

Fl'fect. renal blood flow 

Ihematocril 

Proteinuria 


... . I systolic 

Blood pressure ; 

( diastolic . . . 

Urea nitrogen, mg % 


Num- 

ber 

M + s(M) 

Num- 

ber 

M + s(M) 

M e n 



20 

32.0 + 3.9 

0 

77.0 

19 

135.5 + 18.1 

0 

293.5 

19 

0.208 + 0.020 

0 

0.273 

S 

40.-4 

0 

— 

13 

28.9 4- (3.9) 

0 

49.7 

19 

222.4 + 32.3 

0 

512.7 

20 

35.0 + 1.7 

G 

44.0 

20 

2.20 + 0.79 

0 

0.90 

20 

182.0 + 9.2 

0 

170.8 

20 

112.5 + 5.8 

0 

103.5 

14 

39.8 ± (5.0) 

0 

19.0 

\V omen 



17 

34.2 + 4.0 

5 

80.8 

17 

145.5 + 23.8 

5 

255.(5 

17 

0.272 + 0.021 

5 

0.320 

5 

50.8 

2 

09.5 

10 

34.0 + (5.7) 

o 

81.0 

17 

225.0 + 38.0 

5 

403.0 

17 

33.7 + 2.0 

5 

30.0 

17 

2.5 + 1.0 

5 

2.9 

17 

170.0 + 9.1 

5 

188.0 

17 

107.4 + 0.2 

5 

100.0 

12 

35.0 + (2.!)) 

4 

16.3 

o l h 

sexes 



37 

33.0 + 2.8 

11 

78.7 + (5.8) 

30 

140.3 + 14.0 

11 

270.3 +(30.1) 

30 

0.270 + 0.014 

11 

0.295 

13 

44.4 +(10.1) 

2 

09.5 

23 

31.1 + 3.3 

8 

57.5 

30 

223.9 + 24.0 

11 

402.8 (44.5) 

37 

34.7 + 1.3 

11 

40.4 + (2.3) 

37 

2.37 + 0.02 

11 

1.81 

37 

170.8 + 0.5' 

11 

178.0 

37 

110.1 + 4.2 

11 

104.0 

2G 

37.9 + 3.3 

10 

17.9 + (5.0) 


u v. foot note p. 129 
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so that, for example, all cases with a haemoglobin level below 
G5 per cent (determined by Haldane’s method) showed 
a urea clearance below 40 per cent. Since, however, it is 
considered that the urea clearance falls more rapidly than 
the haemoglobin level, it is possible to find cases of chronic 
nephritis with a haemoglobin level above 80 per cent but 
a urea clearance below 10 per cent. Parsons and Ekola- 
Strolbcrg (1933) summarized their own opinion on this 
matter and that of earlier workers in the following points: 

1. Anaemia is almost consistently found in cases of nzoiae- 
mia independently of the pathological background of the 
renal insufficiency. 

2. In such cases' anaemia is probably caused l>y' decreased 
activity of the haemopoielic system. 

3. The specific aeliological factor in such anaemia — if 
there is only one such factor — is unknown. 

In consideration of the foremeutioned statements and others 
in the literature, the present writer wished to study the ques- 
tion of anaemia and renal function in his own material. Cer- 
tain difficulties arose in fixing a borderline figure since the 
material was composed of both men and women. In order 


H 1) "n 



Inulin cl 

Fig 9 . Diagram showing Ihc haemoglobin in % (abscissa) in relation tn 
inulin clearance an ml/min (ordinate). The small crosses indicate (he cases 
of hyperchromic anaemia, the single dols those of hypochromic anaemia 
and the squares the. normochromic cases. The deceased patients are 
designated by a ring round the symbol. 
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lo ensure that no individuals with normal haemoglobin levels 
would be included in the anaemic group, the limit between 
the two sub-groups was therefore fixed at 75 per cent haemo- 
globin (Aulenrielh’s colorimetric method). It is obvious that 
different borderline figures should have been used for men 
and women and thaL several limits could have been used. 
The material was, however, too small to permit any more 
thorough investigation and the forementioned borderline fi- 
gure was therefore chosen. Moreover, a division according 
lo the different types of anaemia — hyper-, norrno- or hypo - 
chromic — was not possible as the anaemic group was too 
small. Fig 9, however, gives a graphical survey of the 
distribution of these types of anaemia within the anaemic 
group in relation to the inulin clearance. 

The results of the tests performed in both groups are seen 
from the survey in Table XXXVII. In the statistical calcula- 
tion of the standard errors of the means, the same principle 
was applied as in the earlier classifications, i.e. a calcula- 
tion was only made when the possibility of a difference was 
obvious. It is seen that the difference was statistically signi- 
ficant between the sub-groups only in the obvious case of 
the haemalocrit determination. The filtration fraction and the 
figures for blood pressure were approximately on The same 
level in both groups. T^e other tests showed the same 
tendency throughout, with signs of more severely damaged 
renal function in the anaemic group, noticeable in both 
sexes. In view of the low filtration rale, it must be pointed 
out that -anaemia# may be caused simply b 3 r dilution of 
the blood. Hypochromic or hj'perchromic anaemia cannot, 
however, be caused by this factor. It can therefore be of! 
interest lo emphasize that there were eight cases of hypo- 
chromic and eight of h 3 T perchromic anaemia. Thus thei'c 
were onl 3 r two cases with a normal haemoglobin content in 
the red blood corpuscles wliicli could be thought to be con- 
nected with a dilution of the blood. If the disturbance in 
this respect had been more severe, oedema could have been 
expected in the patients in cpieslion. Onh* one patient;, 
however, manifested this S3 T mplom. 
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Table XXXY1I. Mean (M) and standard error of the mean 1 (a) in cases 
mtli chronic nephritis distributed according to haemoglobin values. 


Determination 


Inulin clearance 

Diodrast clearance 

Filtration fraction 

Creatinine clearance . . . 

Urea clearance 

Effect, renal blood flow 

Hcematocrit 

Proteinuria 

( systolic 
( diastolic 
Urea nitrogen, mg % 


Blood pressure 


Inulin clearance 

Diodrast clearance .... 
Filtration fraction .... 
Creatinine clearance . . 

Urea clearance 

Effect, renal blood flow 

Hmmatocrit 

Proteinuria 


Blood pressure / s *°^ c 

(diastolic 


Urea nitrogen, mg % 


Inulin clearance 

Diodrast clearance 

Filtration fraction 

Creatinine clearance . . . 

Urea clearance 

Effect, renal blood flow 

Hajmatocrit 

Proteinuria 

Blood pressure / s y slo ^ c 
( diastolic 

Urea nitrogen, mg % 


Haemoglobin value 


B 


< 75 % 

> 75 % 

N um- 
bei- 

M + £ (M) 

Num- 

ber 

M + s(M) 

M e n 



7 

20.0 

18 

52.1 + 6.7 

6 

100.2 

18 

199.2 + 28.7 

6 

0.247 

IS 

0.283 + 0.018 

3 

25.7 

5 

49.2 

3 

12.7 

16 

39.8 + 3.7 

e 

142.7 

IS 

346.8 + 47.9 

7 

28.2 

18 

41.7 + 4.4 

7 

2.71 

18 

1.74 + 0.69 

7 

197.1 

18 

174.7+6.6 

7 

112.1 

IS 

111.2 + 5.0 

3 

53.8 

17 

30.0 + 3.9 

Wom6 n 



11 

45.2 ±(11.4) 

10 

47.4 

11 

170.5 +(36.1) 

10 

185.4 

11 

0.2S2 + (0.029) 

10 

0.272 

3 

32.0 

5 

72.2 

6 

34.8 

5 

52.6 

11 

256.7 + (56.5) 

10 

309.0 

11 

32.4 + (1.5) 

10 

39.6 +(1.6) 

11 

2.4 ±(1.1) 

10 

2.9 

11 

1G9.1 + (6.7) 

10 

182.0 

11 

102.3 + (4.5) 

10 

117.0 ±(8.4) 

8 

34.4 

r 

7 

26.9 

o t h 

sexes 



18 

35.4 + 7.G 

28 

50.4 

17 

145.6 + 26.5 

28 

194.3 

17 

0.269 + 0.022 

28 

0.279 

0 

2S.8 

10 

60.7 + (16-8) 

9 

27.4 

21 

42.S + 3.5 

17 

216.4 4- 41.1 

28 

333.3 + 34.9 

18 

30.8 + 1.1 

2S. 

41.0 ±2.9 

18 

2.50 + 0.84 

2S 

2.14 

18 

180.0 + 9.0 

28 

177.3 

18 

106.1 + 5.5 

28 

113.3 

11 

39.7+ (6.0) 

24 

-29.1 


1 v. foot note p. 129 
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Summary and Discussion 

To sum up the results it. can he said that all the tests in- 
dicate impaired renal function in several respects in this 
disease as compared with individuals with healthy kidneys. 

As regards the facultative symptoms (raised hlood pressure 
and non protein nitrogen, retinal changes and anaemia) 
they occurcd in 33-77 per cent of the cases (v. Table XXXI, 
p. 117). 

In a calculation of expected and observed values in pairs 
of different tests outside certain limits for normal values 
no correlation could he demonstrated, possibly due to the 
small material. 

By grouping the material according to the degree of various 
symptoms it is moreover possible to stale the following. In 
chronic nephritis with pronounced refined changes, corres- 
ponding to Keith’s groups III and IV,. there seems to be a 
tendency to lower values in this group compared with those 
without these changes as regards inulin and diodrasl clear- 
ances and significant higher values in respect of the systolic 
and diastolic blood pressure and the concentration of urea 
nitrogen in the plasma. 

The same tendency is found in the sub-divisions in the 
majority of the other groupings, i.e. lower figures for renal 
function and parallel to them higher figures for urea nitrogen 
concentration when the systolic blood pressure was > 190 
min Ilg. the diastolic blood pressure > 100 mm Hg and the 
haemoglobin level < 75 per cent (Aulhcnrielh). Within all 
these groupings the difference between the sub-groups is 
only significant in the case of that figure on which the clas- 
sification was based. 

In classification according to normal or raised non protein 
nitrogen, on the other hand, significant lower values are 
found in the latter sub-group for both sexes for the inulin 
and diodrasl clearances and the effective renal blood flow, 
i.e. differences for such factors that more or less directly 
cause the retention of nitrogenous substances. 

The question of the degree of elevation of the blood pressure 
and its correlation to renal function has already been touched 
1 1 
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Inulin cl 

b'ig 10. Diagram showing tlic blood pressure (abscissa) at different inulin 
clearances (ordinate). The thick lines marie the blood pressure of patients 
still alive. The fop of the lines marks the systolic blood pressure, the base 
the diastolic pressure. The upper horizontal thin line indicates the border- 
line of the systolic blood pressure in this grouping and the lower that of. 

the diastolic pressure. 


on. Fig 10 shows the general tendency lo raised systolic — 
ancl particularly diastolic — blood pressure with increasing 
renal impairment. It is also seen from this figure that the 
amplitude of the pulse was approximately the same at high 
or low renal function figures both in patients who died within 
11 months and those who survived. It must be pointed ont 
that in accordance with the requirements for life insurance 
policies in Sweden, the diastolic blood pressure was registered 
when the arterial, sound was no longer heard. 

The significance of anaemia in the actual state of renal 
function has also been' mentioned earlier. Fig 9 nevertheless 
brings two further facts to light: 1. anaemia, at any rate in 
the present material, was not particularly severe; 2. in about 
56 per cent of the anaemic cases it was of normo- or hyper 
chromic type. That it occurs particularly in patients with 
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severely impaired renal 1'uncLion is also entirely in agreement 
with earlier investigations. 

As the survey of the literature at the beginning of the 
present chapter shows, some workers have emphasized that 
the filtration fraction is high in advanced cases of chronic 
nephritis (Earle. T a gg a r l and Shannon 1944). H i 1- 
den (1916,) came to the same conclusion in his investigation 
of 23 cases of chronic nephritis, although he determined the 

. urea clearance X 100 , 

quotient of - — instead of the filtration fraction. 

diodrast clearance 

Ekehorn (1916) was of the opinion, however, thaL in 
decreasing renal function the urea rediffusion becomes in- 
creasingl}- large and iL therefore follows thaL the urea clear- 
ance becomes proportionately increasingly low in relation 
to the actual volume of the filtrate. Were this ti-ue, and 
provided that inulin does not rediffuse in a severely im- 
paired kidney — and there is no definite proof that this does 
occur — Hil den’s figures must represent minimum figures. 
It must, however, be assumed in Ililden’s severe cases thaL 
the quantity of diodrast injected was considerably less than 
in the normal cases, since otherwise the low diodrast clear- 
ance in the former could be caused to a considerable extent 
by a loo high concentration or diodrast in the plasma (v. 
p. 14). 

The present writer’s determinations of the filtration frac- 
tion are depicted graphically in fig. 11. The distribution on 
either side of the normal figure is approximately the same 
and it is therefore not surprising that the mean figure was 
the same as for persons with health y kidneys. On closer 
study of this graph it is nevertheless seen thaL at a filtration 
rate below 50-60 ml/per minute, the prognosis quoad vitam 
is considerably poorer for the cases with a high filtration 
fraction than for those with a low. Four out of 28 patients 
died in the latter group of which one (filtration 97 ml/min) 
2 J/) years after the investigation, one (43 ml/min) — the; 
only instance in the material — of cerebral haemorrhage 
4* months alter the investigation and the other two (filtra- 
tion 10 ml/min or lower) were at an advanced uraemic 
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Fir/ 11. Diagram showing the filtration fraction at different innlin clear- 
ances. The squares indicate men, circles the women. Filled symbols denote 
patients who have died. The horizontal line marks the normal value for 

the filtration fraction. 


stage al the lime of the investigation. In the group with high 
filtration fractions all the deaths occurred within one to 
eleven months after flic investigation, with the exception of 
three cases. In one of them — the only one of its land - 
(ho outcome was fatal only after 3 Vs years, despite the foci 
Uml during this time repealed tests showed an innlin clear- 
ance of 1(5 ml per minute or lower and, naturally, a considei- 
able increase in non protein nitrogen (80-170 mg per cent). 

In the present writer's opinion, Ihc fact that an incicase 
in the mortality is found in patients with very low filtration 
and a high filtration fraction is a strong proof of the v;\uc 
of determinations of Ihe inulin and diodrasl clearances as a 


prognostic guide in chronic nephritis. • , 

The following fact gives further support lo this theory. 
Llic whole material there were five cases with xeiy 1 ‘ 
lion rates in which the diagnosis of chronic ncplni is 
fully justified hut in which continued observation wit i c c ‘ 
anee determinations repeatedly showed that if cou uo ^ 
been progressive chronic nephritis but probabh an 


t 


ft 
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exacerbation oC incompletely healed acute nephritis. In. all 
these cases the nitration fraction was below normal thus 
indicating a heller prognosis. 

The present material is loo small and the observation lime 
in a number of cases loo short lo prove beyond doubt the 
writer's conclusion. Nevertheless, the tendency in this ma- 
terial is verv suggestive. 

As regards Ihe prognosis in general, il is seen from Table 
XXXII, in which the material is grouped according lo the 
various clinical grounds for classification, llial the mortality 
rale is highest in those groups in which it could he expected 
lo he high in the light of our prescnl knowledge. The results 
of the functional tests confirm these conclusions, i.e. the 
greater the impairment of renal function the poorer is the 
prognosis. 

One final remark is warranted before concluding this 
chapter. Chronic nephritis is usually divided into three stages: 

1. the latent stage. 

2. the chronic active stage, and 

5. the final stage. 

There is usually no difficulty, in making cither a diagnosis 
or a prognosis in the third stage, hut it is hardly possible 
at a single examination lo differentiate between the first two 
groups. The object of the present investigation has been, 
inter alia, to make some small contribution lo the solution 
of this problem. 



CHAPTER VI. 


ESSENTIAL HYPERTENSION 
Earlier Investigations 

Thai the blood pressure is elevated in renal disease has 
been known since Sanderson pointed out this fact about 
1S6S. Already in 1896, however, A 1 1 b u 1 1 emphasized that 
elevated blood pressure could exist as a specific disease 
without connexion with Bright’s disease, and he named this 
condition hyperpiesia. The present name of the disease, i.e. 
essential hypertension, dates from Frank (1911). 

It is impossible in the present paper to. make a closer 
survey of all the investigations carried out to elucidate the 
pathogenesis of this condition. Reference is therefore made 
to recent monographs on the subject (e.g. Bcchgaard 
1946). It must, however, be emphasized that the pathogenesis 
is not uniform and several classifications of hypertensive 
disease have therefore been proposed. The best-known are 
those of Yolhard (1923), Schroeder and Steele (1939). 
Boger and Wezler (1939) and Ask-Up mark (1942). 

It has been mentioned that elevated blood pressure was 
formerly assumed to be associated with renal disease. Willi 
increased knowledge of the subject and possibly chiefly on 
the basis of the work carried out by Yolhard and his 
collaborators, the opinion became accepted that the hyper- 
tensive disease sui generis was not associated with rena ‘ 
disease except in severe cases when the kidneys could se- 
condarily become the site of lesions. Nevertheless, through 
Hartwich’s (1930) and particularly Goldblatts (1934) 
pioneer work on experimental hypertension, attention was 
once again focused on the kidney. Extensive experiments 
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have been carried onl in order Lo demonstrate iiyperlensive 
substances in the kidney, on the basis of I lie enzymatic 
protein, renin, demonstrated by Tigers LcdL and B erg- 
111 a nn in 1898, (Iio ns say, B r an n-M enendez et al., 
Page el al.. von Euler and Sj os fraud, and others)- 

The optimism aroused in the beginning of what can be 
termed the era of experimental hypertension lias now possibly 
been superseded by a pessimistic outlook regarding the pos- 
sibility of solving the mystery of hypertension along these 
lines. The prescnL writer performed clearance determina- 
tions in a number of such patients since Lhc relatively few 
large investigations of Lliis kind of which reports have beeil 
published partly contradict each oilier. Moreover, when the 
present investigation was started in 1912. no extensive in- 
vestigation was known lo the prescnL writer. 

Before a short summary of earlier such investigations is 
given, sonic mention must be made of the terminology of 
this disease. Vo 1 hard and Fa hr (1911; classified hyper- 
tension as: 1. benignant hypertension and 2. malignant 
nephrosclerosis. They based their classification on the 
clinical observation that the prognosis is good in some forms 
of hypertension where the patients have no severe renal 
symptoms, whereas the' prognosis is poor in oLhcr cases, 
when the disease has a rapid course usually with retinopathy 
and with pronounced renal lesions, manifest as more or less 
marked pathological findings in the urine. This classifica- 
tion is of practical use and has therefore also been used by 
other workers, even if the names given lo the two groups 
vary. Since retinal changes arc easily registered and arc 
nearly always decisive for the prognosis. Wagener and 
Keith (1939). divided hypertensive disease into four groups 
,v. p. 18(J. of which their group IV belongs to Vo 1 hard 
and Falir’s group termed malignant nephrosclerosis and 
their group III is in an intermediate position to groups O-II, 
which arc included in Lhc benignant group. The best basis 
for classification seems to be to differentiate only between 
benignant and malignant hypertension. To the former group 
belong those cases of hypertension that are not conditioned 
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!3 .Y renal disease or caused by endocrine disturbances, coarc- 
lalion of Hie aorla or oilier well-known faclors and in wliicli 
Ihc condition implies relatively little danger to the kidneys. 
To the latter group belong such cases that have a poor pro«. 
nosis. Pronounced retinopathy is then usually present as 
well as constantly pathological urine as a sign of more or 
less severe involvement of the kidneys, and uraemia is often 
Ihe cause of death. The term nephrosclerosis should perhaps 
not be used, since it implies an aeliological knowledge and is 
therefore frequently misleading. Whether the term -an aliq- 
uant hypertension v or :>lhe malignant phase of essential 
hypertension.-- is used — the latter being Fishbcrg’s (1939) 
term — is to a certain extent a matter of taste, since the 
question of whether we are dealing with various types of 
diseases or different stages of the same disease will not be 
discussed here. 

Lunds guard and M oiler (11)25) found that in the 
majority of cases investigated there was a decreased figure 
for the phcnolsulphonphlhalcin lest according to R own- 
tree and Geraghly and they considered that this was 
due to a decreased renal blood flow. Ncubaucr (191-1) 
found a decreased excretion of creatinine in some hyperten- 
sive patients compared with healthy individuals after a toler- 
ance lest with 1.5 g of creatinine. Major ( 192S) found, after 
intravenous injection of 0.25 g of creatinine, a decreased ex- 
cretion of this substance in approximately 35 per cent of 
hypertensives. Molten and Re lib erg (1929) found normal 
filtration, determined by creatinine clearance, in four out of 
five hypertensives and a slight decrease in the remaining 
patient. Data concerning ihc degree of hypertension and 
whether it was benignant or malignant or both arc, nevcj- 
llieless, lacking in the reports of all the forcmenlioned waiters. 
Roclsen (1932), who also determined the creatinine clear- 
ance in 25 patients with essential hypertension, found normal 
filtration in 17 and a decrease in the remaining eight cases. 

Ellis and Weiss (1933) determined the urea and creati- 
nine clearances and the maximal concentration capacity i» 
24 hypertensives. Ten of them showed normal mea cleui 
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ances ancl 13 normal creatinine clearances. In 22 concenlra- 
lion tests, six patients had figures over 1.025, ten had figures 
between 1.020 and 1.025 and six had figures below 1.020. 
The writers found a certain parallelism between the blood 
pressure — particularly Lhe diastolic — and renal function: 
the higher the blood pressure the poorer the function. On 
the other hand, they stated that there was no parallelism 
between the age of the patient or the duration of the 
symptoms and the functional changes. 

Smith, Goldring, C has is and Ranges (1938), who 
examined patients with hypertension and made clearance 
determinations with inulin and diodrasl, found tliaL these 
patients consistently showed a lower renal blood flow than 
normal patients or those with chronic nephritis and equally 
pronounced renal lesions. They interpreted this as a sign 
that certain tubules had lost their power of excretion but 
had maintained their connexion with Lhe respective glomeruli 
and that they could therefore serve as passive conductors 
for the glomerular filtrate, with the result that the volume 
of the filtrate was excessive in relation to the number of 
residual functioning tubules. The same group of workers 
published in 1910 a collocation of clearance tests in 60 hyper- 
tensive patients. For the whole group the diodrasl T In was 
low or at the lower level of the normal figures. This was 
assumed to indicate that .the disease is characterized by a 
progressive impairment of tubular function. It was found 
that in some individuals the tubular lesion was greater than 
the impairment of glomerular function. On the basis of their 
earlier assumptions the foremenlioned writers interpreted 
this as the formation of inactive tubules. In other cases they 
found that the effective blood flow per unit of functional 
tubular tissue (diodrasl clearance diodrasl T n) ) was decreased 
in comparison with normal individuals, indicating relative 
renal ischaemia. Since this ischaemia is accompanied by an 
increase in the filtration fraction it is probably connected 
with an increased tonus in the efferent glomerular arterioles. 
This increased tonus is in turn functionally reversible in 
some cases but not in others. 
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C hosier and Ch osier (1940) made an investigation 
on 37 female patients with hypertension. The majority had 
an evident decrease in renal blood flow, some had a slight 
decrease and in a few cases it was normal. The filtration 
fraction was high, thus explaining that il is possible to obtain 
■niormal > renal funcLion with olher tests than diodrast clear- 
ance. C has is and Rcdish (1941 and 1942) also found a 
decrease in the renal blood flow, measured by diodrast clear- 
ance. in 22 hyperlensirc patients. They also emphasized 
that renal ischaemia is not necessarily manifested by a 
decreased blood flow only, but actually by a decrease in Ibis 
blood flow per. unit of tubular excretory tissue. Determination 
of the diodrast clearance and the diodrast T„,gave no grounds 
for assuming the presence of unilateral renal ischaemia; the 
reduction in these functions was equally distributed in both 
kidneys. 

Foa, Woods, Peel and Foa (1942) investigated 20 
hypertensive patients and came to the same conclusion as 
earlier workers, i.c. there is a reduced effective renal blood 
flow, probably dependent on increased tonus in the efferent 
arterioles, and a raised filtration fraction. Steinitz (1941) 
also used the inulin and diodrast clearances in Ins investiga- 
tion on six cases ol essential hypertension (benignant. liyper- 
tension) and three cases of malignant hypertension. In the 
former group the inulin clearance was somewhat lower than 
normal throughout and the diodrast clearance proportionately 
lower, the filtration fraction thus being higher than normal. 
According to Steinitz, this depended on the fact that 
two of the six cases had pronounced changes of this land 
in renal function and their figures thus influenced those 
of the group as a whole. lie therefore concluded that, with, 
a normal filtration rate, a decrease in renal blood flow is 
not necessarily 7 an indication of essential hypertension and 
that thus, in the majority 7 of cases, the kidney is not involved 
in a kind of vicious circle. In all three cases with malignant 
hypertension he found decreased filtration, a proportionately 
lower diodrast clearance and thus a higher filtration fraction 
than in the normal group and in those with essential (be 
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nignant hypertension. Fin ell Cy, Edwards, Clin Lon 
and While (19-12) reached the following conclusions based 
on the results of their study of twelve patients with essential 
hypertension, all under the age of 50, with normal urea 
clearance and no pathological sediment, no retinal changes 
or cardiac involvement, etc. »1). The plasma clearance of 
diodrast and inulin, even when interpreted in the light of 
tubular secretion of diodrast, indicates the absence of renal 
ischaemia in a high proportion of subjects with uncomp- 
licated essential hypertension. 2) Uiftler controlled condi- 
tions the ratio between inulin clearance and diodrast clear- 
ance can represent the ’filtration fraction’, but high ratios in 
subjects with hypertension will probably result from di- 
minished diodrast extraction rather than from increased filtra- 
tion pressure?. 

A statistical analysis of 100 patients with essential hyper- 
tension compared with II normal individuals was made by 
Dalton and Nuzum (1912) on the grounds that in a com- 
parison between individuals there is no changes in renal 
function measured with the concentration and phenolsul- 
phonphlhalcin tests, but that in comparing whole groups 
the following statements can be made: 

1. In essential hypertension the age of the patient or the 
duration of the disease- has no influence on renal function. 

2. A retardation of the flow of urine occurs with rising 
diastolic blood pressure. 

3. In hypertensive patients there is usually a fixation of 
the specific gravity of the urine and a retardation of phe- 
nolsulphonphthalein output. 

It is difficult to judge how far these conclusions arc 
justified by their material which is rather small from a 
statistical point of view. 

According to the foremen! ioned writers, neither Vol- 
hard's concentration lest nor the phcnolsulphonpb.lhalein 
lest are of any great value for the differential diagnosis 
between normal subjects and patients with essential hyper- 
tension in individual cases. 

G o 1 d r i ng and C h a si s (1944) summarize the results 
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of [heir sludy of 60 cases wilh essential hypertension as 
follows: Hypertensive disease in man is associated with 
progressive changes in renal function and renal haemodyna- 
mics. In the majority of patients this process is slow, in 
others it is rapid. At an early stage of hypertensive disease 
there is a decrease in the excretory power of the tubules 
associated wilh a reduction in the effective renal blood flow. 
The filtration, on Lire oilier hand, is normal in the early stage 
and the filtration fraction high. These three symptoms, i.e. 
decreased tubular serf-el ion, decreased effective renal blood 
flow and a high filtration fraction arc present in practically 
cvery patient with well-established hypertension. When the 
renal disease progresses, the inulin and urea clearances also 
gradually begin to decrease, although proportionately less 
than the diodrasl clearance. The maximal concentrating 
power and the phcnolsulphonplilhalein excretion are, how- 
ever, normal or only slightly decreased, for a comparatively 
long period in the beginning. Only in Lhe final stage do these 
functions show reduced figures. 

Hildcn (19!G) also made an investigation on 60 cases of 
hypertension by means of diodrasl and urea clearances. He 
found in a number of patients with benignant hypertension 
that both clearances were normal as well as the U/D quotient 
(urea clearance/diodrasl clearance). In others, both clear- 
ances were lowered. In malignant cases of hypertension he 
found that the diodrast clearance was nearly always definilely 
decreased but the urea clearance could' be normal, slightly 
or exceedingly decreased and the quotient of U to D therefore 
usually raised. In agreement wilh other writers, he considered 
the cause to be an increased tonus in the efferent arterioles. 

Tests in Cases with Hypertension 

The present material consisted of 62 patients with essential 
hypertension, 20 men and 42 women. The distribution accoid- 
ing to age is seen in Table XXXVIII, in which the nunibei of 
deaths is also given. These cases were not selected, with the 
exception that milder cases were under-represented. This is 



Table XXXYIII. Cases of essential hyportcnsion distributed according to ago and symptoms of different kinds 
Figures insido brackets apply to cases dead with in .3 yoars (tlioy aro included in the figures without brackets). 
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Total no. 02 51 11 37 25 30 20 28 33 27 34 

Dead 14 0 8 12 2 11 3 11 3 10 4 

deaths 22.0 11.8 72.8 32.4 8.0 30.0 • 11.5 39.3 9.1 37.0 11.8 
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owing lo the fact lhal mild cases lhal were hospitalized usu- 
ally showed a decrease in blood pressure after a short Slav in 
hospital — usually owing to some other illness — as an ex- 
pression of the instability of the blood pressure in the be- 
ginning of the hypertensive disease. Since they then showed 
no elevation of the blood pressure they were not included in 
the material. Another reason for the limited number of 
early and mild cases is that the patient material was taken 
from the wards and not from the Out-Patients’ Department 
in which such patients are most frequently treated. Never- 
theless, the cases included in this group were thoroughly 
examined with regard to the occurrence of symptomatic 
hypertension. The diagnosis of »essential hypertensions could 
only be made on the basis of the clinical symptoms. A 
diagnosis of this kind should, however, be fairly certain. The 
patients in this group can thus to some extent be said to 
represent selected cases, but on the other hand tire diagnosis 
was confirmed by means of all the methods of examination 
available. 

Table XXN1X gives the figures for the various tests. No dif- 
ference between men and women could be anticipated and no 
calculation was therefore made of the possible differences 
between the sexes. Moreover, such a calculation would have- 
been pointless since, from some aspects, it was impossible to 
compare the two groups. Table XXXX gives tlie differences 
between the means of this group and of tlie normal in- 
dividuals. It is seen that the differences were statistically 
significant in all the tests if the calculations were made for 
both sexes together, with the exception of the urea nitrogen, 
in tlie plasma, for which the difference was only approx- 
imately twice ilie standard error. The difference in the 
haematocrit figure was significant neither for the men nor 
for the women, but a calculation for both sexes together ga\e 
a statistically probable difference (>2.5 times the standard 
error). It must be particularly emphasized that the figure 
for the filtration fraction was significantly higher both for 
men and for women in comparison with the normal materia 
and thus naturally also for both sexes together. This fact js 



Table XXXIX 

Moan (M), standard error of tlie moan (s) and standard deviation (a) of diffcron! 
tests for men and women with ossontial hypertension. 
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Table XXXX 


Differences between normal cases and cases with essential hyportonsinn 
with regard to different tests. A minus difference signifies that flu' 
normal figure is larger, a pins difference signifies the contrary 


Determination 

Diff . between normal cases and cases 
with essential hypertension 

Men 

~W omen 

Both sexes 

Inulin clearance 

— 33.0 + 7.0 

-27.7 ±'4.4 

- 31.1 + 3.5 

Diodrast clearance .... 

-186.6 + 36.3 

— 157.2 ± 15.8 

- 164.0 + 12.9 

Filtration fraction 

+ 0.066 + 0.021 

+ 0.065 ± 0.013 

+ 0.065 + 0.010 

Creatinine clearance . . . 

-12.6 

- 50.8 ± (9.5) 

- 40.0 ± 8.2 

Urea clearance 

-27.2 ± (9.4) 

-13.5 + 8.2 

- 20.2 + 5.2 

Effect, renal blood flow . 

-329.6 + 51.6 

— 267.8 ± 26. S 

-314.7 ±24.3 

Htematocril 

-3.18 ± 1.74 

— 0.53 ± 0.85 

- 2.13 ± 0.81 

i~) i i ( systolic . 

Blood pressure^ J 

+ 68.4 + 7.7 

+ 88.1 ± 6.0 

+ 8S.2 ± 5.9 

V diastolic. 

+ 43.7 + 5.5 

+ 44.9 ± 3.2 

+ 45.7 + 3.0 

Urea nitrogen, mg % . . 

+ 7.5 ± 2.9 

+ 1.42 ± 1.62 

+ 2.54 + 1.10 


evident from the figures in Table XXXIX in which the filtra- 
tion rale (inulin clearance) was proportionately less decreased 
in relation to that of the normal material than the diodrasl 
clearance, in which the figure was only approximately 59 per 
ceiit of the latter, and the relation between them, i.e. the 
filtration fraction was thus higher than normal. 

Table XXXXIII shows, as in the case of acute and chronic 
nephritis, how often the results of the various tests' fall outside 
the normal limits of variation. It is found that 65 per cent lie 
outside the 3 c limit — i.e. are definitely pathological — in 
respect of the diodrasl clearance whereas the inulin clearance 
was decreased and the filtration fraction increased only in 
approximately 30 per cent. The percentage of cases with a 
decrease in urea clearance and increase in urea nitrogen is 
also lowest in this group (7-10 per cent). It is, however 
striking that the number of cases with lowered creatinine 
clearance is so small (11 per cent) and considerably smallei 
Ilian the number with, lowered inulin clearance. Ibis is pi oh 
ably due lo the fact that creatinine clearance determinations 
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were only made on a small paid of the material of which the 
majorily suffered only from relatively slighl hypertension. 

In order to ascertain whether there was any correlation 
between the changes in two different tests, a calculation was 
made for this hypertensive material of the expected and 
observed figures in the same ways as for the two preceding 
groups of disease (Table XXXXI). 

The greatest correlation appears here to exist between the 
inulin and creaLinine clearances, which could be expected 
since both are to a great extenL an expression of the size 
of the filtration rate. It is not surprising to find that there 

Table XXXXI 

Expected and observed values (in per cent) of cases with essential hy- 
pertension outside certain limits for normal values 
(2 a and 3 a) in pairs of different tests 1 . 


Determination 

Number 

Expected value, °/o 

Observed 
value, % 

2 G 

3 c 



Inulin clearance 

— Diodrast clearance 

62 

47 + 6.3 

19 ± 5.0 

55 

29 

Inulin clearance 

— Filtration fraction . • 

62 

28 + 5.7 

10 ± 3.8 

29 

11 

Inulin clearance 

— Creatinine clearance 

18 

19 ± 9.2 

3+4.0 

33 

11 

Inulin clearance 

— Urea clearance .... 

42 

12 + 5.0 

2 + 2.2 

17 

7 

Inulin clearance 

— Urea nitrogen, mg % 

50 

10 + 4.2 

3 + 2.4 

16 

8 

Diodrast clearance 

— Filtration fraction . • 

62 

39 ± 6.2 

22 + 5.3 

47 

31 

Diodrast clearance 

— Creatinine clearance 

18 

27+10.5 

7 ± 6.0 

33 

11 

Diodrast clearance 

— Urea clearance .... 

42 

17 + 5.8 

5 + 3.4 

21 

7 

Diodrast clearance 

— Urea nitrogen, mg % 

50 

15 + 5.0 

7 + 3.6 

18 

10 

Filtration fraction 

— Creatinine clearance 

18 

16 + 8.6 

4 ± 4.6 

22 

0 

Filtration fraction 

— Urea clearance .... 

42 

10 ±4.6 

2 + 2.2 

12 

2 

Filtration fraction 

— Urea nitrogen, mg % 

50 

9 + 4.0 

3 + 2.4 

8 

6 

Creatinine clearance 

— Urea clearance .... 

9 

7 

1 

11 

0 

Creatinine clearance 

— Urea nitrogen, mg % 

9 

6 

1 

11 

0 

Urea clearance 

— Urea nitrogen, mg % 

■42 

4 ± 3.0 

1 + 1.5 

12 

5 


1 The expected values are obtained simply as a product of the frequency of the 
respective tests (v. Table XXXXXII) and should apply if there was only a 
random combination. 


12 
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is also a mutual relation between the iiiuliii and diodrasll 
clearances. This would indicate that both the glomerular 
and tubular function is damaged. The correlation between 
the diodrasl and creatinine clearances could perhaps have 
been expected to appear more sharply than iL does since 
both tests — although to a diffircnL extent — are connected 
with tubular function. That the figures are not higher can 
depend on the fact that the number of cases in which both 
these tests were performed is small (only 18). In other words 
the chance of random variations is considerable. The lablc 
shows that a correlation also seems to exist between, the 
diodrast clearance and the filtration fraction, the inulin and 
urea clearances and. obviously, between the last-mentioned 
and urea nitrogen. 

The symptomatology of essential hypertension was touched 
on earlier in the account of the composition of the material 
(v. p. 97\ In order to be able to survey the frequency of the 
objective symptoms in the present material more easily, a 
frequency table lias been compiled (v. Table XXXXII) show- 
ing the blood pressure (systolic and diastolic), retinal changes 
(Keith’s groups 0-IY) non protein nitrogen and also Lhe dura- 
tion of the disease in those cases in which it was possible to 
make a fairly accurate calculation. 

In order to study the importance of various factors in the 
disturbance of renal function apparent from the study of the 
material as a group, the writer — as in the case of acute and 
chronic nephritis - divided the material into a number of 
sub-groups. The classifications were based on significant 
clinical data and the duration of the disease. 

The sub-groups were therefore as follows: 

A. 1. Cases with retinal changes O-II. 

2. Cases with retinal changes III-1V. 

B. 1. Cases with systolic blood pressure 2:210 mm I-Ig. 

2. Cases with systolic blood pressure <210 mm Hg. 

C. 1. Cases with diastolic blood pressure >120 mm Pig. 

2. Cases with diastolic blood pressure <120 mm Pig. 
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lor llic inulin and diodrast clearances, and the. effective 
renal blood flow were obtained in the group with pronounced 
retinal changes and higher values for the systolic blood 
pressure. The differences were statistically significant with 
the exception of the systolic blood pressure for which the 
difference was almost probable. There was. however, no 
significant difference for flic diastolic blood pressure, ah' 
though the figures in group III-IV were higher than in group 
O-II, both for men and for women throughout. The filtra- 
tion fraction, calculated for both sexes togclher, was practic- 
ally of the same order of magnitude. As regards proteinuria 
and the urea nitrogen in the plasma, the figures were also 
consistently higher in group III-IV, as was the haemalocrit 
figure. No statistical!}- significant differences in these tests 
were, however, found between the two groups. It was not 
possible to make calculations for the creatinine and urea 
clearances since too few determinations were made in group 
III-IV. The mean figure and — if more than ten determina- 
tions were made in any of the groups — the standard error 
are nevertheless found in the . fable (in brackets) in order to 
give an indication of the direction in which these tests point 
as compared with the inulin clearance. 

The Systolic Blood Pressure 

The figure o.f 210 mm Iig., used lay the present writer as 
the borderline between the two groups compared, may appear 
to be a little too high. Several reasons nevertheless warrant 
this procedure since the material was loo small to divide into 
several sub-groups, which would obviously have been more 
satisfactory. If the borderline is chosen at 210 dim Hg., the 
extreme elevations in blood pressure are included in the group 
above the limit and there is no risk of including cases of 
• moderately elevated blood pressure. Another advantage is 
that ail ecjual distribution is obtained in the two groups. Had 
a liigher figure been chosen, Hie number of cases above. fins 
level would have been considerabty smaller than is now tne 


case. 
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Tablo XXXXY. Mean (81) anil standard error of tlio mean 1 (s) of eases 
with essential hypertension, distributed according- to systolic 
blood pressure above and below 210 mm Jig-. 


Systolic blood pressure 




210 min Jf 

cr 

< 

210 nim.Ilg 

N tim- 
ber 

M + e(M) 

Num- 

ber 

M + s(M) 


Inulin clearance 

Diodrast clearance 

Fillralion fraclion 

Creatinine clearance 

Crea clearance 

Cffect. renal blood flow .... 

! hematocrit 

Proteinuria 

. ( systolic ..•• 

blood pressure: - 

t diastolic. .. . 

Crea nitrogen, mg % 


Inulin clearance 

Diodrast clearance .... 

Filtration fraclion 

Creatinine clearance ... 

Crea clearance 

Fffect. renal blood flow 

Ihcmatocrit 

Proteinuria 


blood pressure j S J- S *°^ C 
( diastolic. 

Frea nitrogen, nig % ... 


M e n 

10 79.5 + (10.5) 

10 24-1.:; + (40.0) 

10 0.342 + (0.025) 

3 102.0 

4 37. S 

10 447.2 +(74.9) 

10 42. S + (2.7) 

9 0.100 

10 227.5 ~ (4 0) 

10 l.'tS.O + (5.9) 

0 2S.1 

W omen 
[ 20 82. 7 ± 3.0 

20 252.0 + 14.5 

26 0.340 

5 84.0 

| 20 54.1 + 4 8 

20 451.0 4- 28.1 

26 43.58 

26 0,169 + 0.100 

26 242.5 + 4.8 

26 132.7 + 2.9 

22 20.7 

> o l h sexes 


Inulin clearance 

Diodrast clearance .... 

Filtration fraction 

Creatinine clearance . . , 

Urea clearance 

Fffect. renal blood flow 

Ihematocrit 

Proteinuria 


blood pressure ( S *' S,W '' C 

(diastolic.... 

Urea nitrogen, mg % 

v. foot note ]>. 129 


36 

81. S + 3.8 

30 

249.9 + 15.0 

30 

0.341 + 0.011 

1 1 

88.9 + (7.2) 

24 

51.4 + 4.5 

30 

449.9 + 2S.4 

30 

43.36 + 0.90 

35 

0.151 + 0.075 

36 

238.3 + 3.S 

36 

134.2 + 2.6 

28 

22.3 + 1.6 


102.7 

320.3 
0.343 
108.0 
60.8 

590.4 
4 5. 0‘ 

0.130 + (0.101) 

170.0 + (6.5) 

101.0 + (3.9) 

22.5 

104.9 + 4.5 
323 4 + 17.2 
0.330 + 0.017 
124.0 

74.3 ± (-J.S) 

506.7 + 29.9 
42.88 + O.SS 
0 025 + 0.011 

179.7 + 4.0 
104.4 + 2.5 

19.3 + (2.4) 

104.0 + 3.7 

322.2 + 15.6 
0.339 
119.9 

71.8 + 3.9 

579.3 + 29.5 
43.92 
0.005 

176.0 + 3.0 

103.1 + 2.1 

20.6 
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Table XXXXV is a collocation of the results in the hvo 
groups. As in the earlier tables, the standard error of the 
mean was only calculated if tbe number of cases in both 
groups was over ten and — or if — it was evident that a dif- 
ference could be anticipated. In other cases only the mean 
figure is given, but not the standard error. In. respect of the 
creatinine clearance determinations there were not sufficient 
cases, either for each sex separately or for both sexes to- 
gether, for a calculation. For both sexes together statistically 
significant differences could be shown for tbe inulin, urea 
and diodrasl clearances and the effective renal blood flow 
with lower values in the group with blood pressure > 210 
mm Mg and a higher value for the diastolic blood pressure. 
The ‘small difference found in the other tests was very slight 
or non-existent in some of them. 

The Diastolic Blood Pressure 

With regard to the diastolic blood pressure Ihe material was 
divided into two groups with 120 nun Ilg as I lie borderline. 
The same points of view raised in connexion with the systolic 
blood pressure are applicable here. Il is more difficult to 
classify cases according to diaslolic than according to systolic 
blood pressure. Opinions are in agreement as regards the 
determination of systolic blood pressure and no difficulties arc 
encountered in making such readings, but opinions are divided 
regarding tbe reading of the diastolic pressure. Some workers 
arc of the opinion — and they are certainly correct — that 
the diaslolic blood pressure, that can only be determined by 
auscultation, should be given for the blood pressure figure 
at which the arterial sounds change in character and become 
weaker. Others believe that the level at which the arterial 
sounds suddenly disappear give the correct figure. These 
facts explain why the diastolic pressure is more difficult to 
judge, particularly since different investigators use different 
•methods in their readings. Were the difference between the 
figures constant when the arterial sound changes in character 
and becomes weaker or when il entirely disappears, this fnc- 



185 


Table XXXXYI. Moan (31) and standard error of the mean 1 (e) of cases 
with essential hypertension, distributed according' to diastolic 
blood prcssnro above and below 120 mm Ilg. 


Diastolic blood pressure 


Determination 

> 

120 mm Ilg 

< 

120 mm Hg 


Num- 

ber 

M + e(M) 

Num- 

ber 

M ± e(M) 

Inulin clearance 

M e n 

10 1 904) + (8.4) 

10 

91.3 

Diodrasl clearance 

10 

271. S + (34.1) 

10 

■ 292.8 

Filtration fraction 

10 

0.353 + (0.025) 

10 

0.332 

Creatinine clearance 

3 

102.0 

2 

10S.0 

Urea clearance 

4 

50.8 

0 

54.2 

Kffcct. renal blood flow .... 

It) 

510.7 + (03. S) 

10 

535.9 

Ila-matocrit 

10 

40.2 + (1.4) 

10 

42.2 + (3.0) 

Proteinurid 

9 

0.100 

10 

0.130 + (0.101) 

, ( svslolic .... 

Blood pressure; - 

10 

222.5 -r (8.4) 

10 

175.0 + (7.4) 

\ diastolic. . . . 

10 

139.0 ± (5.4) 

10 

100.0 + (3.4) 

Urea nitrogen, mg % 

0 

22.2 

9 

20.4 

Inulin clearance 

Wo 

25 

m c n 

SG.O ~ 4.3 

17 

98.8 + 4 0 

Diodrasl clearance 

25 

204.7 + 10.8 

17 

300.5 

Filtration fraction 

25 

0.33S + 0.012 

17 

0.341 

Creatinine clearance 

9 

89. S ' 

4 

121.S 

Urea clearance 

IS 

50.5 4- 5.2 

14 

08.4 

Kffcct. renal blood flow — . 

25 

408.0 + 31.0 

17 

53'4.1 

Ibvmatocril 

25 

43.08 + 0.77 

17 

43.05 

Proteinuria 

25 

0.170 + 0.104 

17 

0.024 

t > i , /svslolic .... 

Blood pressure { - 

25 

241.8 + 5.4 

17 

184.4 + 5.1 

\ diastolic. . . . 

25 

134.0 + 2.5 

17 

103.2 + 2.0 

Urea nitrogen, mg % 

20 

20.5 + 1.1 

15 

19.8 


■ o l h sexes 


Inulin clearance 

Diodrasl clearance 

Filtration fraction 

Creatinine clearance . . . 

Urea clearance 

Fffecl. renal blood flow 

Hannalocrit 

Proteinuria 

... , ( systolic 

Iliood pressure ' 


\ diastolic. . . . 


Uiea nitrogen, mg 


35 

S7.4 + 3.8 

27 

35 

200.7 + 15.2 

27 

35 

0.342 + 0.011 

27 

12 

92.8 + (7.2) 

0 

22 

50.5 + 4.0 

20 

35 

480.0 + 28.3 

27 

35 

43.97 + 0.70 

27 

34 

0.150 + 0.077 

• 27 

35 

230.3 + 4.5 

27 

35 

135.9 + 2.3 

27 

20 

20.90 + 0.91 

24 


90. 0 

297.7 
0.:j;i7 
117.2 

04.1 

5114.7 
43.11 
0.063 

180.9 + 4.5 
102.0 + 1.8 
22.29 


i v. foot note p. 129 
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Lor would "be of little importance. This is probably not the 
case. The higher and more stabilized is the pressure, Live 
greater the amplitude apparently present between, these two 
points. Since it is easier to determine the level at which these 
sounds disappear and it was, moreover, earlier the custom 
at the University Hospital in Upsala to read the diastolic pres- 
sure at this point, this rule has been followed in the present 
investigation. 

On examination of Table XXXXVI it is seen that in group- 
ing the material into two groups with a diastolic blood pres- 
sure of 120 mm Hg as the borderline, there were no statistic- 
ally significant differences between the groups (except, ob- 
viously, as regards the blood pressure): It is seen from the 
table for both sexes together thaL there was a general tendency 
for all the figures to imply a greater impairment of renal 
function — except in the case of urea nitrogen, in which the 
conditions were reversed — in cases with a pressure > 120 
mm Hg. In the tables for men and women separately, this 
fact is not found throughout for all the tests. It can therefore 
be said that the only definite information obtained from this 
classification is that there was a significant difference in the 
case of the blood pressure, which is natural since this formed 
the basis of the classification. The reason for this dissimilarity 
as regards the results after grouping according to the height 
of the systolic and diastolic blood pressure is possibly to be 
sought in the method used for the reading of the diastolic 
pressure (v. the foregoing). 

Non Protein Nitrogen or Urea Nitrogen 

As in the cases of chronic glomerulonephritis, the hyper- 
tensive patients were classified into those with normal non 
protein nitrogen or urea nitrogen and those with raised 
values. The borderline figure was the same as that given 
earlier (v. p. 17). The same principle %vas also applied, i.e. 
if there was any doubt concerning the group to which a 
certain patient belonged, the non protein nitrogen figure was 
the decisive factor. The material was found to fall into two 
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Table XXXXYII. Mean (M) and standard error of the mean 1 (s) of cases 
with essential hypertension, distributed according to non 
protein nitrogon and nrca nitrogen. 



Non protein 
nitrogen > 40 mg "in 


Non protein 
nitrogen < 40 mg ",'o 


Inulin clearance 

Diodrasl clearance 

Filtration fraction 

Creatinine clearance 

Urea clearance 

Fffect. renal blood flow — 

(hematocrit 

Proteinuria 


, ( systolic • • 

Blood pressure; - 

t diastolic. . . . 


Urea nitrogen, mg % 


Urea nitr. > 20 mg "« 

Urea nitr. < 20 mg "5 

EEnm 

■339 

M + £(M) 

Nil tu- 
ber 

M s(M) 

M 

e n 



10 

72.9 + (S.9) 

10 

109.3 + (5.0) 

10 

193.4 + (2G.2) 

10 

371.2 + (24.3) 

10 

0.3S3 + (0.02S) 

10 

0.302 + (0.023) 

1 

72.0 

4 

112.5 

5 

30.0 

5 

73.8 

10 

348.9 + (50.2) 

10 

097.7 + (44.3) 

10 

41.7 + (2.0) 

10 

40.7 

9 

0.200 

10 

0.040 + (0.082) 

10 

211.5 + (13.0) 

10 

180.0 

10 

120.0 + (8.3) 

10 

113.0 

s 

30.3 

7 

1 S.4 


Inulin clearance 

Diodrast clearance 
Filtration fraction ..... 
Creatinine clearance . . 

Urea clearance 

Kffect. renal blood flow 

Ihematocrit 

Proteinuria 


, ( systolic • • • 

Blood pressure; - 

t diastolic. . . 

Urea nitrogen, mg % 


Wo 

in c n 


IS 

83.4 + 5.8 

23 

IS 

248.0 + 18.7 

23 

18 

0.347 + 0.010 

23 

4 

102.8 

9 

15 

5S.0 + 5.9 

17 

IS 

435.0 + 35.2 

23 

IS 

42.28 + 0.S4 

23 

18 

0.094 + 0.053 

23 

IS 

220.9 ± 10.1 

23 

IS 

123.1 + 5.1 

23 

15 

24.55 + 0.94 

20 


05.0 

300.3 + 14.9 
0.332 
98.2 
04.9 

547.2 + 25.9 
44.04 
0.135 
213.3 

122.0 

10.95 + 0.51 


Both sexes 

Inulin clearance 28 79.0 ; 

Diodrast clearance 2S 22S.9 - 

Filtration fraction 28 0.300 ; 

Creatinine clearance 5 9t 

Urea clearance 20 52.7 ; 

hffccl. renal blood flow .... 28 404.3 : 

Ihematocrit 28 42.1 : 

Proteinuria 27 0.130 ; 

,,, , I systolic • • • • 2S 221.4 - 

Blood pressure' 


\ diastolic. . . 


Urea nitrogen, mg 


28 

79. G + 4.9 

33 

101.5 + 3.0 

2S 

22S.9 + 15.0 

33 

320.0 + 13.4 

28 

0.300 + 0.015 

33 

0.323 

5 

90.0 

13 

102.0 + (5.5) 

20 

52.7 + 5.3 

22 

07.0 + 3.9 

28 

404.3 + 29.4 

3.3 

592.8 + 24.4 

28 

42.1 + 1.1 

33 

44. S 

27 

0.130 + 0.050 

33 

0.100 

2S 

221.4 + 7.7 

33 

205.0 

28 

124.1 + 4.3 

33 

119.2 

23 

20.55 + 1.65 

27 . 

17.32 + 0.53 


v. foot note p. 129 


i 
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groups approximately equal in size. It was possible to make 
calculations for the majority of the tests both for men 
and women separately and for both sexes together (Table 
XXXXVII). It is seen that in the latter case the differences 
were significant between the Lwo groups for the iniilin and 
diodrast clearances and the effective renal blood flow. For 
men and women separately the figures for these tests also 
were throughout lower in the group with, higher non protein 
nitrogen. In a number of tests, but not throughout, the dif- 
ferences were significant. The filtration fraction, for example, 
showed no significant difference but was consistently higher 
for each sex separately 7 and for both sexes together when tlie 
non protein nitrogen was raised. Tills was also the case for 
the systolic and diastolic blood pressure. 

The Duration 

In an attempt to ascertain whether the duration of essential 
hypertension lias any relation to the disturbances in renal 
function demonstrated, a further grouping was made of the 
material on this basis. It would naturally have been best to 
make several sub-groups according to the age-clislribution, 
but this was not possible. Hypertension of long or short 
duration was therefore the basis of the classification. T he 
borderline was fixed at three years, which appears to he 
reasonable since the condition is chronic ancl often lasts for 
many years. The results of this grouping are seen in Table 
XXXXYIII. It is seen that there was only one statistically 
significant difference for the sexes togeLher, i.e. for the sy- 
stolic blood pressure which was higher in the group of pa- 
tients in which the duration of the disease was over three 
years. The same difference was statistically probable in the 
females. No differences could be calculated in the males 
since the material was loo small. The tendency was, never- 
theless, the same. There was no significant difference as 
regards the diastolic blood pressure, although the figures 
throughout showed the same tendency as for the systolic 
blood pressure. 
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Table XXXXYI1I. Moan (M) and standard error of tlio moan 1 (e) of cases 
with essential hypertension, distributed according 
to duration of the disease. 


Determination 


Duration of 

the disease 

> 3 years 

< 3 years 

Num- 

ber 

M + s(M) 

Num- 

ber 

M + s(M) 

• 

M e n 



Inulin clearance 

11 

9S.5 + (7.2) 

9 

S2.0 

Diodrasl clearance 

11 

304.9 + (33.5) 

9 

254.7 

Filtration fraction 

11 

0.34S + (0.028) 

9 

0.336 

Creatinine clearance 

2 

97.5 

3 

109.0 

Urea clearance 

0 

59.0 

4 

49.5 

Lffect. renal blood flow — . 

11 

501.5 + (01.5) 

9 

47G.7 

[hematocrit 

11 

45. IS + (1.74) 

9 

43.00 

Proteinuria 

10 

0.000 + (0.034) 

9 

0.17S 

, ( systolic . • • • 

Blood pressures J 

11 

205.9 + (9.2) 

9 

190.0 

t diastolic 

11 

121. S + (0.5) 

9 

110.7 

Urea nitrogen, mg % 

9 

21.2 

0 

30.1 


W omen 



Inulin clearance 

10 

82.4 + 5.5 

25 

90.8 + 3.9 

Diodrasl clearance 

10 

245.3 + 19.0 

25 

301.5 + 15.0 

Filtration fraction 

10 

0.340 + 0.020 

25 

0.334 

Creatinine clearance 

4 

99.3 

S 

100.4 

Urea clearance 

11 

54.1 + (5.9) 

20 

05. S 

Fffect. renal blood flow .... 

10 

430.1 + 34.7 

25 

533.2 + 28.3 

Hamialocrit 

10 

43.44 + 0.94 

25 

43.16 

Proteinuria 

10 

0.113 + 0.058 

25 

0.120 . 

, f systolic 

10 

23S.S + 8.7 

25 

205.0 + 7.0 

Blood pressure-; ~ 





( diastolic 

10 

128. S + 4.0 

25 

US. 4 + 3.9 

Urea nitrogen, mg % 

12 

21.3 + (1.0) 

22 

19. S 

Both 

sexes 



Inulin clearance 

27 

89.0 + 4.0 

34 

92.9 

Diodrasl clearance 

27 

209.0 + 18.4 

34 

2S9.1 

Filtration fraction 

27 

0.347 + 0.010 

34 

0.335 

Creatinine clearance 

0 

S7.0 

11 

102.7 + (9.0) 

Urea clearance 

17 

55.8 d* 'i.O 

24 

03.1 

Fffecl. renal blood flow . . . . 

27 

4S7.2 + 33.9 

34 

513.3 

1 Imin:i loerif 

27 

44.15 + 0.90 

34 

43.12 

Proteinuria 

20 

0.092 

34 

0.135 + 0.078 

Blood pressure / sl0 ^ c 

27 

225.4 + 7.0 

34 

201.5 + 6.1 

{ diastolic 

27 

125.9 + 3.5 

34 

117.9 

Urea nitrogen, mg "j 

21 

21.2 + 1.2 

28 

22.0 


1 v. foot note p. 129 
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Summary and Discussion 

Willi the lesls used here, il was possible lo demonstrate a 
disturbance oi' renal function in 62 patients with more or less 
advanced essential hypertension in the following respects. 
The clearances were lower for inulin, diodrasl, creatinine and 
urea, and the figures for the effective renal blood flow and 
the haemalocril were also lower. As a result <5f the propor- 
tionately greater decrease in the diodrast than in the inulin 
clearance, the filtration fraction was higher. All the diffe- 
rences obtained in comparison with the normal material 
were statistically significant with the exception of the haetna- 
locrit figure for which the difference was probable, and the 
level of lirea nitrogen for which no difference could be de- 
monstrated at all. 

The frequency of the various clinical symptoms is given 
in Table XXXXII (v. p. 178). 

When a calculation was made of the correlation between 

; r 5 ' 

two different tests, such a correlation appeared lo exist, 
between the inulin and creatinine clearances, the inulin and 
diodrasl clearances and also possibly between other tests as 
well (v. Table XXXXL p. 177). 

After grouping the material according to various clinical 
symptoms, the following additional remarks may be made. 

In a classification according to the retinal changes , the 
group of patients with severe changes (corresponding 1® 
Keith's groups III-IY) showed more impairment of renal 
function as judged by the inulin and diodrasl clearances. 
They also had a liigher systolic blood pressure. These dif- 
ferences are statistically significant. The changes in the 
creatinine and urea clearances pointed in the same direction, 
as did the increase in diastolic blood pressure and urea 
nitrogen, although the differences were not even probable. 

If the material was classified according to the level of the 
systolic blood pressure , more impaired , function was found 
in the group with high pressure, with significantly lowra 
values for Lhe inulin, diodrast and urea clearances and the 
effective renal blood flow. 



191 


If Ihc patients were classified according to the level of the 
diastolic blond pressure, there were no statistically significant 
differences between the two groups, but, nevertheless, a ten- 
dency throughout to more impaired function with higher 
pressure. 

'Flic cases with raised non protein nitrogen, considered as 
a whole, naturally showed more pathological functional tests 
than the group with a normal non protein nitrogen level. 
This is clearly due to the fact that the non protein nitrogen 
only begins to rise when there is a certain degree of renal 
lesion (v. Chapter VIII). 

In all the groupings of the material, the filtration fraction 
was somewhat higher in that group with the most severe 
clinical symptoms (more severe retinal changes, higher blood 
pressure, longer duration, etc.). The differences were not 
however statistically significant on the basis of any of the 
classifications. Nevertheless the filtration fraction was higher 
in the group with increased non protein nitrogen than 
according to any other classification of the material. This 
circumstance will be discussed further in the following. 

Finally, if the duration of the hypertensive disease is taken 
into consideration, the statistical calculation showed that 
there was no statistically significant difference in renal func- 
tion between the two groups above and below 3 years (see 
p. 188). 

It is thus evident that I have found a — in certain respects 
strong - - correlation between the usual clinical symptoms 
and the changes in renal function. It is moreover seen from 
'Fable XXXVIII that the damage of renal function in those 
groups in which it is severe is also usually linked with an 
increased mortality in the same groups, although not more 
than approximately 20 per cent of the deaths were caused by 
uraemia. The mortality was thus highest in the patients with! 
severe retinal changes, followed by those who showed an in- 
crease in non protein nitrogen. The duration of the disease, 
which was shown to have no significant importance as re- 
gards the results of the tests, occupies however the third place 
as regards the mortality instead of occupying the last one, 
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which could bo expected according lo l he results of the tests, 
The most natural explanation is that the longer the duration 
of the disease, the greater the risk of a fatal outcome. It would 
obviously be possible lo apply this explanation to the oilier 
classifications of the material. The problem was nevertheless 
a different one here. i.e. what information is given bv the 
actual clinical symptoms, the duration excepted, concerning 
the functional slate of the kidneys? It must be borne in mind 
that azolacmia was not the cause of death in all the cases 
but only in just over 20 per cent. Cardiac or cerebral crises 
were responsible for SO per cent of the mortality. The only 
definite fact proved by the mortality figures in this group 
is that in this small material malignant hypertension did 
not occur on anv large scale during the first vears of the. 
duration of the hypertensive disease. This same fact, seen 
from another point of view, also throws some light on the 
x'esults of the renal functional tests. Moreover, the parallelism 
between the mortality and the results or the functional tests 
is very marked in the present material. Of the clinical 
symptoms manifested by the patients on examination, it lias 
been found that retinal changes occupy a unique position. 
Thus not only do they indicate a poorer prognosis, as was 
earlier known v v. c.g. Wagoner and Keith 1039) but — as 
earlier pointed out by Hilden (1016) among others — they 
also indicate a greater impairment of renal function despite 
the fact that the majority of deaths within this disease arc 
due lo other causes than uraemia. It is thus natural to assume 
that the same kind of changes in the blood vessels that give 
rise to changes in the fundi arc also manifest in the kidneys. 
If. however, changes are found in both these organs, there 
is reason lo believe that the vascular disturbances arc not 
localized lo these sites alone but are more diffusely spread 
throughout the entire organism and the high mortality within 
llris group is therefore entirely reasonable. Further support 
for' this interpretation is given by the investigations of K er- 
nohan. Anderson and Keith (1920). On microscopical 
examination of the striated muscles they, found that in he 
nignanl hypertension there were no or only insignificant 
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changes in the blood vessels, whereas in malignant hyper- 
tension — 23 cases, all with retinal lesions were examined — 
there was a thickening of the vessel walls throughout as well 
as a stricture in the walls of the muscular arterioles. 

Further analysis of two facts seems desirable, i.e. the lack 
of correlation between the increased diastolic blood pressure 
on the one hand and the results of the tests on the other and 
also between the former symptom and the filtration fraction. 

The increased level of the diastolic blood pressure is ge- 
nerally considered to be a reliable basis for the diagnosis 
of essential hypertension as it indicates increased peripheral 
resistance. There is no doubt that this is the case for the 
diat/nosis of essential hypertension, but another question is 
obviouslv whether the actual value gives anv information 
regarding the degree of the disturbance in renal function or 
the prognosis of the disease. Opinions on this matter have 
varied. Friedman, Seize r and Rosenblnm (1941) 
showed in their material that there was a very good correla- 
tion between the filtration fraction and the diastolic blood 
pressure: the higher the diastolic pressure the higher the 
filtration fraction and the smaller the effective renal blood 
flow. If. however, a closer study is made of Iheir paper, 
it is seen that their material (32 individuals, of whom S were 
women was divided into four groups according to the level 
of the diastolic pressure, i.e. GO-SO, 80-100, 100-120, and 
120-140 mm Iig. The first group with a diastolic pressure 
between GO and SO mm Iig can scarcely be considered to suffer 
from essential hypertension, nor Ihe group with a pressure 
between 120 and 110 mm Iig. in which all six patients suf- 
fered from coarctation of the aorta, a disease which has cer- 
tainly nothing to do with essential hypertension. If these 
two groups are eliminated the forementioned authors’ data 
are nol informative as only 23 cases are lefl. Hildcn (1946) 
also investigated in his material whether there was any cor- 
relation between the diastolic pressure and the filtration 
fraction and came to the conclusion that none could be de- 
monstrated. The present writer reached the same conclusion 
(v. fig 12 . In view of the fact that two different workers. 


13 
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using different, methods and having a total material of more 
than 120 patients, obtained practically the same results H 
appears very probable that the question of the relation of 
the diastolic blood pressure to the filtration fraction — and 
probably also to tire actual stale of renal function — can be 
considered as fairly well settled. No established correlation 

RBF In. cl ff 



Fig 12. Diagram .showing Ihe effective renal blood flow, imilin clearances 
and filtration fractions in patients with essential hypertension in relation 
to the level of the diastolic blood pressure. The thin horizontal lines mark 

the normal values. 


thus seems to exist. On the other hand, a correlation was 
found between the slate of renal function and the systolic 
blood pressure. This could possibly be due to the fact that 
all cases of severe arteriosclerosis were included in the group 
with a high systolic pressure. If in addition to the functional 
or organic constriction of the arterioles present in essential 
hypertension there is also a more pronounced arteriosclerosis 
of the blood vessels, particularly also the aorta, the i elasticity 
of Ihe aorta then obviously being decreased, this must result 
in a considerable rise of the systolic pressure whereas the 
diastolic is unaffected. Another reason for this lack of cot 
relation between renal Function and the diaslolic blood pies 
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a higher ronrentralum ol mw nib-open with ris'mp ape (Mac- 
K a y and M a r K a v 11*27. I. e w i s and A 1 v i » p 1TOS) in 
a llrcroavd urea elearanro Lewis ami Atvinp 1938} ami 
•t decreased diudrast clearance Hildt-n H*Ui . Hu* last- 
mentioned writer ah-, showed that the diodrasl clcaramv 
decreases proportionately more than that of urea and the 
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graphically in i'ig 13. IL is nevertheless seen from this graph 
Lhat even Llie majority of patients below the age of 60 years 
also showed figures for the filtration fraction above the 
normal level. 

In the various groupings of the material according Lo the 
degree of the clinical symptoms, no large difference was as 
a rule found in the filtration fraction in the sub-groups, 
with the exception of the classification according to the con- 
centration of non protein nitrogen. In the group with non 
protein nitrogen > -10 mg per cent, tills fraction was con- 
siderably higher than in the group with non protein nitrogen 
^ -10 mg per cent, although the prognosis for the former 
group, according to the mortality rate and also the results of 
llie functional tests, was better than in the group with retinal 
changes. It is impossible to sa 3 r wheLher this is only due 
to random . variation or whether it ‘could indicate that with 
an increase of non protein nitrogen a certain compensation 
mechanism is set up in the kidney, manifested, for example, 
in an increased tonus in the efferent arterioles. The filtra- 
tion pressure would then rise and a larger filtrate occur. 
This is as yet only a theoretical possibility. The whole ques- 
tion of increased tonus in the efferent arterioles will be dis- 
cussed in the Chapter: General Discussion. 



CHAPTER VII. 


ONE FUNCTIONING KIDNEY 


The kidneys, in common with several oilier organs, have 
a reserve power which makes possible a considerably greater 
efieclivily than normally called upon. This is demonstrated 
by the fact that it is possible to perform unilateral extirpa- ' 
lion of the kidney without any fatal risk in otherwise healthy 
and .not too old individuals. The functional capacity of a 
single kidney is thus sufficient for the needs of the body. 
In this connexion two questions can be asked. 

1. How large is the functional capacity^ of the remaining 
kidney immediately after unilateral nephrectomy'-? 

2. How large is the functional capacity" of the remaining 
kidney later on, i.e. does hypertrophy or hyperplasia occur? 

Earlier Investigations 

Attempts have been made to solve the latter problem ex- 
perimentally on animals. Lorenz (1885) thus found that 
the increase in volume occurring in one kidney when the. 
other is extirpated depends chiefly" on an increase iii the 
volume of the cortex as a result of hypertrophy". In young 
animals a slight hyperplasia of the glomeruli and the con- 
voluted tubules also occurs. The insignificant increase in 
the volume of the medulla would depend solely" on dilata- 
tion of its" tubules and no increase in the number or size 
of its cells occurs. Galeotti and Vi 1 1 a-S a n t a (1902) 
obtained the same results, but they"., appear to attach more 
importance to the hyperplasia of the glomeruli in young 
animals than did Lorenz. Oliver (1924) also found that 
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Lhe hypertrophy occuri'ing in a remaining kidney was most 
marked in the convoluted tubules, 32 per cent being localized 
to them, 10 per cent to the glomeruli, 9 per cent to the 
ascending limb of Henle’s loop and only 3 per cent to the 
collecting tubules. Wrete (1943) showed on a large ma- 
terial that an increase in weight also occurs in the remaining 
kidney of one-year-old white mice, castrated a few weeks 
after birth and later nephrectomized. He did not, however, 
discuss whether this increase was due to hypertrophy or 
to hyperplasia or to both factors. This increase in the re- 
maining kidney was approximately 10 per cent one to sev- 
eral months after unilateral nephrectomy. Wrete con- 
sidered lliaL he was able to exclude the possibility of this 
being caused by liyperaemia or an increased content of 
water. Moore and Lukianol’f (1929) examined the open 
glomeruli in normal rabbits following the injection of Janus 
green B into the renal artery. 44-48 per cent of the glomeruli 
of the normal animals contained circulating blood aL any 
one moment whereas tills number rose Lo 91-99 per cent in 
rabbits on whom unilateral neplireclomy had been performed. 
The writers concluded that, at an}’ rate during the first ten 
days after nephrectomy, a certain compensation occurs by 
an increase in the number of open glomeruli in the remain- 
ing kidney. Moore (1929), on the contrary, demonstrated 
in the while rat that unilateral nephrectomy during tine 
period of active nephrogenesis that occurs in this animal 
even a few days after birth had no effect on the total number 
of glomeruli formed in the remaining kidney. 

Mo berg (193(1) made a thorough investigation in his 
monograph of these conditions in the while rat. He came 
lo the conclusion that following nephreclomy or a still greater 
reduction of the renal parenchyma an anatomical hyper- 
trophy occurs in the remaining part, but that this hyper- 
trophy does not always result in functional improvement. 
He was of the opinion that in considerable loss of the renal 
parenchyma, an anatomical hypertrophy implies a progres- 
sing injury lo the remainder of the kidney. The question 
is therefore not if but how long a certain residue of the 
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kidney can retain sufficient capacity to maintain life. Accord- 
ing to Mo berg’s investigations, this anatomical hyper- 
trophy is conditioned by 1) an increasing enlargement of 
the glomeruli but otherwise no change in their structure 
2) considerable widening of the convoluted tubules with 
ail early onset of degenerative lesions. 

It lias long been known that an increase in the weight and 
volume of one kidney also occurs in mail if the other is 
lacking or is extirpated. In, for example, Handbucli der 
spezielien Pathologischen Analomie (Henke and Lu- 
barsch 1925) these questions are treated by Gruber and 
Lubarsch. After a critical survey of the literature, these 
writers came to the conclusion that the increase in volume 
in the larger kidney in renal hypoplasia or in the only 
kidney in aplasia and after nephrectomy" is dependent on 
the following two factors. 1) Hypertrophy, which can result 
in as much as 150 per cent of the normal size and which 
occurs both in congenital and acquired conditions. 2) Hy- 
perplasia (and hypertrophy) when the condition arises fin- 
ing foetal life. 

In addition to these anatomical investigations, various func- 
tional investigations following nephrectomy have been made. 
Shilling (1905), working with the rabbit, found no change 
in the volume ol' urine but in a few animals shortly after, 
operation, a lower concentration of NaCl in the urine was 
noticed after large oral doses of NaCl and restriction of fluid 
Ferro n (1910) found under normal conditions no change 
in the excretion of chloride and urea in the rabbit following 
nephrectomy, but no tolerance tests were performed. A in- 
bard and Papin (1909) found the same results as regards 
the urea concentration capacity 7 . After urea tolerance tests, 
liowevex', Addis and Walanabc (1916) found a iowei 
quotient in the Addis ratio in nephrectomized than in normal 
animals. Addis, Mymrs and Oliver (1924) came to the 
same results and thus considered that they 7 had confirmed 


their hypothesis that the ratio 


Urea in one hour s urine y^j-jes 
Urea in 100 g of plasma 


in direct proportion to the weight of the renal tissue. Hohl 
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wcg (1915) found a slight increase of non protein nit- 
rogen in the blootl one or Lwo days after nephrectomy, as 
did K a r s n e r, B u n k e r and G r a h f i c 1 d (1915) in one 
dog, but not in another. This change, they believe, was never- 
theless probably caused by the surgical intervention per sc 
and was not connected with any changes brought about by 
nephrectomy. 

Rhoads. Alving. Hiller and Van Slyke (1931) ex- 
planlcd one kidney in a dog and left the other in situ. This 
operation. resulted in no change in the urea clearance. Sub- 
sequent extirpation of Ihe non-explanled kidney gave a mean 
decrease of urea clearance of 36 per cent. The fact that the 
clearance fell to 61 per cent and not Lo 50 per cent showed 
that an increased fund ion had occurred in Ihe remaining 
kidney. This was evident during the first weeks following 
nephrectomy. During further observation of the remaining 
explan ted kidney for two years, the clearance showed fairly 
constant or somewhat rising figures. In another investigation 
by the same group of workers (Van Slyke, Rhoads, 
Hiller and Alving 1931) it was calculated that alter ex- 
tirpation of one kidney in the dog, the renal blood flow in- 
creased by 68 per cent, the consumption of oxygen by 81 
per cent and the urea clearance by 13 per cent, calculated 
on the pre-operative figures for one kidney.. The increase 
reached its maximum within one month after the opera- 
tion. A similar investigation was made somewhat later by 
Levy and Blalock (1938) on 12 dogs. In this investiga- 
tion unilateral nephrectomy was accompanied by a slowly 
progressing increase in the renal blood flow through the 
kidney and a parallel increase in the oxygen consumption. 
This was somewhat more rapid during Ihe first month than 
later and reached approximately the combined blood flow 
oT the two kidneys at the end of the third month. 

The question then arises whether a similar adaptation 
occurs in man. In order to answer it, we musL rely on 
investigations made on individuals who have one functioning 
kidney or who have been ncphreclomized. Few such in- 
vestigations have, however, been made. 
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Ellis and Weiss (1933) investigated 12 patients between 
the ages of 10 and 52 years. 8 days to 12 years after unilateral 
nephrectomy. In nine of them the remaining kidney was 
in all probability normal. Determinations of the urea and 
creatinine clearances were made, ns well as the concentra- 
tion and dilution lest according to Yolliard. Two patients 
were examined immediately after the operation and the 
clearance values were then found to Ire decreased. A definite 
decrease was also found in five of the remaining patients 
and normal values in two. The writers came to the followin" 
conclusions. A decrease in renal function can, but does not 
always, lake place following nephrectomy. The three patients 
who suffered from complications affecting the other kidney 
(pyonephrosis in two cases and hypertension in one) all 
showed decreased figures. 

F r i e d m an. Seize r. K rent z m a n n and S a m p s o n 
(1912) determined the inulin and diodrasl clearances in five 
patients both before and 13-19 and 50-135 days after nephrec- 
tomy. All these patients, however, suffered from hyperten- 
sion. The results of their investigation arc found in Tabic 
XXXXYII1. 

They sum up their conclusions of this investigation by stal- 
ing, inter alia, that an increase in the renal blood flow and 
in glomerular filtration occurred in Die remaining kidney 
in all the cases. This statement does not, however, agree 
with the figures in the table, at any rale for Cases 2 an 5, and 
data regarding the results of the investigation 13-19 days after 
the operation are lacking for Case 1. It can be seen from 
the results of the functional tests 5(5-135 days posl-operatively 
that in two of the patients there was an increase in the renal 
blood flow compared with the figure before the intervention, 
practically the same figures as previously in two patients and 
a considerably lower figure in one case. An increase in the 
inulin clearance occurred in two cases, whereas three pa- 
tients showed lower figures than prior to nephrectomy, ft 
is seen from the table that all Ihc patients were young and 
that the disease in the extirpated kidney was of long standing. 
Moreover, judging from Ihc x-rays before flic operation, the 



Table XXXXY1II 



of urine flow 



healthy kidney was enlarged in all the cases and hypertrophy 
had evidently taken jhace over a long period. 

Welsh, We lien and Taylor (1944) published the 
results of clearance lesls in two pregnant women 15 days to 
40 months after nephrectomy. One of them had suffered 
from an adenocarcinoma that had destroyed the entire kidney 
and the other had a calculus in one of the kidneys. In the 
former case there was no increase in the tubular excretion 
(Tibd) the filtration rate or the renal blood flow post-operat- 
ive! y; the figures were approximately 70 per cent of the 
normal ones. In the latter case the corresponding figures 
rose gradually after the operation from approximately 50 per 
cent to 70 per cent after a few years. The writers assume 
that in the first patient any hypertrophy possible had already 
taken place before the operation since the extirpated kidney 
had ceased to function a long lime previously. In the second 
patient, on the other hand, hypertrophy of the remaining 
kidney had started after the operation, since both kidneys 
had functioned prior to it. In neither of the cases, however, 
did the clearance attain normal figures but remained at 
about 70 per cent; thus full compensation did not occur. 

Kohler (1944) in a follow-up investigation of nephrecto- 
mized patients, gives the i-esults of creatinine clearance tests 
in 56 cases. One of them had a clearance of 200 ml/min, 
13 a clearance between 150 and 200 ml/min, 24 between 100 
and 150 ml/min, 12 between 70 and 100 ml/min and 6 be- 
tween 50 and 70 ml/min. It is seen that if the borderline for 
normal creatinine clearance is fixed at 100 ml/min, 18 of the 
56 patients investigated, i.e. 32 per cent, bad lowered crea- 
tinine clearance figures. His table shows that the younger 
the patients the higher were the clearance figures and the 
older they were the lower the figures. This is in agreement 
with the assumption that renal function is belter compensated 
in young patients after nephrectomy whereas there is less 
possibility 7 of an increase of function in the remaining kidney 
in older persons. Leander (1945) in a paper on the im- 
portance of renal functional tests in urology, gave the inulin 
aud diodrasl clearance figures for a 22-year-old patient su - 
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Xcring from renal tuberculosis. Before nephrectomy the inulin 
clearance was 73 ml/min and the diodrast clearance 397 
ml/min. Eighteen days after the operation the corresponding 
figures were 67 and 251 ml/min. The non protein nitrogen 
was 39 mg per cent before the operation and 24 mg per cent 
after. No data are given for the function in this case before 
the disease (which could hardly he expected). Data are 
given in the same paper regarding the inulin clearance in 
a 24-year-old patient who underwent resection of one-third 
of the left kidney in 1941. Nephrectomy of the right kidney 
was performed in 1942, both operations on the grounds of 
renal tuberculosis. After the laLLer operation — no mention 
is made of how long after — the inulin clearance was 65 
ml/min. and two years later (1944) it was 73 ml/min. J o- 
seplison (1947) also published data on the clearance fig- 
ures for inulin, creatinine, diodrast and diodrast T m for a 
patient 14 days after nephrectomy. They were then approx- 
imately 50 per cent of the normal figures. 


Nephrectomy from the Theoretical Viewpoint 

Nephrectomy is as a rule performed to extirpate a kidney 
lhat has for some time been the site of pathological lesions, 
for example, calculus, hydronephrosis, a tumour, etc. and 
the other kidney has thus successively been forced to assume 
some part of the function of the diseased one. It is only 
owing to injuries by accidents that nephrectomy of a pre- 
viously healthy kidney is made and such interventions are 
obviously uncommon. They can actually be regarded as 
physiological experiments to determine the reserve capacity 
of the kidney. Since they are relatively uncommon, we have 
no extensive knowledge of the conditions following such an 
intervention. Nevertheless, it can be considered as established 
that hi such cases the composition of the blood is not per- 
ceptiblj' changed and that the excretion of urine takes place 
to an approximately normal extent, i.e. normal volume and 
concentration. 
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The various theoretical possibilities of an adaptation when 
one kidney is suddenly forced to replace two in a satisfac- 
tory manner will be discussed before giving an account ol 
the cases. 

If one kidney is removed, the first consequence is that the. 
content of waste products in the blood increases. As a result, 
the remaining kidney should mobilize its reserve power, and 
function to approximately double its normal extent; Theo- 
retically Ibis can take place in various ways. 

We assume that the quantity, of waste products delivered 
to the blood per lime unit is denoted as A, the quantity 
of fluid that during the same time is eliminated from the 
blood is denoted as v { and the .concentration of the waste 
products in this fluid as Cf. A certain reabsorption (and 
rediffusion) of water and other substances, that are filtered 
out through the glomeruli, then takes place in the tubules. 
If we assume that the quantity of fluid reabsorbed or re- 
diffused is v r and that its concentration of waste products 
is c r , we must get A - v ? ' c { — v r • c r . This can be said 
to be a general and schematic formula for renal function. 

If it is assumed that the concentration in the blood of a 
certain substance is constant before and after nephrectomy, 
this implies either that reabsorption or rediffusion is less, 
or that the filtration increases, resulting in both instances 
in an unchanged volume of urine (obviously, both processes 
can take place at the same time). The difference between 
v f • c f and v r • c r must, in oilier . words, be as large as be- 
fore the operation. 

1. Willi regard to an increase in filtration , this can be 
envisaged as brought about in several ways. 

a) If normally 50 per cent of the nephrons did not func- 
tion but all were active after nephrectomy, this would imply 
an approximate doubling of the filtration. This probably 
takes place in the frog, but we have certain reasons to assume 
that, this mechanism does not occur in man (v. the following). 

b) Filtration can also increase through an increased blood 
supply to the glomeruli. This would then take place by • 
means of a widening of the afferent blood vessels. If the rate 
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of llie blood flow is assumed to be unchanged, these blood 
vessels must then increase their diameter 'by )/‘2. A moderale 
increase in diameter has thus a very considerable effect on 
the blood supply. 

c) Filtration in the glomeruli can also be increased by a 
constriction of the efferent arterioles, which impedes the 
flow and thus raises the filtration pressure. Peripherally of 
this constriction, i.e. in the vessels supplying the tubules, 
this pressure would then be lower. 

2. If we consider the other possibility, i.e. unchanged 
filtration but a decrease in reabsorplion or rediffusion , the 
.conditions are more complicated. 

As regards a decrease in reabsorplion. this can be thought 
to lake place in various ways. 

a) In the measure that reabsorption is an expression of 
an active process, it can obviously increase or decrease 
through an increase or a decrease in the necessary stimula- 
tion. We know, for example, that various hormones can 
influence this process and cause changes in reabsorplion. 

b) In addition to active reabsorplion. there is with all 
probability also a more passive rediffusion of certain sub- 
stances through the tubules. A decrease in the rediffusion 
could be caused by the fluid in the tubules being less con- 
centrated. The lower the concentration of the tubular urine, 
the smaller the difference in concentration between it and 
the blood circulating around the tubules with a resulting 
decrease in rediflusion. Naturally, the speed at which the 
fluid passes through the tubules could also influence the 
process, and consecpienlly an increase in the filtration rath 
would cause a decrease in the reabsorplion from this point 
or view (v. Chapter General Discussion, p. 220). 

3. In renal function we are not only dealing with these 
three functions, i.e. filtration, active reabsorplion and rediflu- 
sion, since an active sccrclion also lakes place through the 
tubules and this can naturally increase or decrease. A change 
in this function can be caused by: 

a) An increased blood flow to the tubules thus making 
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increased aclivily possible. A decreased blood flow should 
per sc have Ihe opposite effect, bul this is not necessarily 
the case since the capacity of the tubules is dependent on the 
amount of excretory substance that is offered to them per 
Lime unit. If, for example, the concentration in the blood 
of the substance excreted is increased at the same time that 
the flow of blood is decreased, excretion can perhaps take 
place as effectively as if the blood flow increased at a lower 
concentration. 

b) Other factors of more or less unknown nature may 
afford an adequate stimulus to the tubular cells. Hormones 
have been discussed in this connexion. Although we know- 
very little about such factors iL is quite possible that they* 
play a greater role than the aforementioned, factors. 

The results of the investigations published earlier will he 
discussed in the following against Ihe background of these 
theoretical viewpoints. 

As regards the question of whether the remaining kidney, 
after nephrectomy, could increase its function by making 
use of some nephrons not previously functioning , some 
writers consider that this mechanism comes into action. This 
opinion is based on direct observations of the glomerular 
aclivily in the frog and has later been extended by inference, 
to higher animals and to man. It is nevertheless shown by 
the investigations of Smith and Shannon and others 
that if 50 per cent of the renal parenchyma is removed, the 
T m for various' substances (glucose, diodrasl, etc.) is also 
decreased by 50 per cent. These writers are of the opinion 
that no inactive nephrons are present in man. 

If this were the case, the decrease should be less, in simi- 
larity with the conditions' in the frog in which the inactive 
nephrons start to function. The question obviously arises 
whether the foremenlioncd determinations are sufficiently 
reliable to exclude Ihe possible existence of inactive nephrons. 
It nevertheless appears very probable Lhal this mechanism 
floes not exist in man. 

The other question that must be discussed is that of the 
volume of the filtrate following nephrectomy. There arc few 
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statements in the literature oil this subject ancl no data 
appear to exisL concerning the filtration rate in the remain- 
ing kidney when an earlier healthy or practically healthy 
kidney has been extirpated. The few determinations made 
arc in respect of the filtration rate in the remaining kiclne}' 
when nephrectomy has taken place owing to a pathological 
condition of more or less long duration. It is obvious that, 
under such conditions the remaining kidney was able 
successively to adapt itself to the decrease of function in 
the affected one. In the few such cases in which filtration 
determinations were made, the filtration rale was 50-90 per 
cent of the normal value. 

The third question is that of reabsorption. According Lo 
many authors (v. Chapter I) reabsorplion of waste products 
— or perhaps more adequately expressed, of urea — consists 
iu normal individuals of approximately 40-70 per cent of the 
filtered amount. There arc, however, no slatemeuLs in the 
literature regarding the conditions following nephrcclonw. 

In view of the foregoing, it must be considered that an in- 
crease in the filtration rale and in the blood flow lo the 
remaining kidney in fact is insufficient lo explain how one 
kidney can perform the work of two. 

If we consider an other alternative, i.e. that the single 
kidney more effectively frees the blood, this can appear some- 
what strange at first sight. We will consider the process in 
the case of one particular waste product. Under normal con- 
ditions. a considerable proportion of the filtered urea — vary- 
ing between 10 and GO per cent — returns lo the blood. This 
is mainly conditioned by the fact that the glomerular filtrate, 
which is normally approximately 120 ml/min, is concentrated 
lo such an extent during its passage through the tubules that 
the final urine flow is only 1 ml/min. The difference in the 
concentration of the urea in the tubular urine and lhaL in 
the blood outside the tubular cells is therefore considerable 
and it is understandable that part of the urea rcdiffuscs, or 
is possibly even actively reabsorbed. A proportion of the 
urea leaves the tubular urine in one — or both — of these 
ways. Otherwise, owing Lo its osmotic pressure, it would 
l-i 
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inhibit the reabsorplion of water, and the flow of urine would 
be very high. 

If one kidney lias to work alone and its filtration is main- 
tained at the same level as when both kidneys were func- 
tioning, the glomerular filtrate must be concentrated to a 
lesser extent, i.e. less water must be reabsorbed in order to 
keep the flow of urine within the same limits as prior to 
nephrectomy. The difference in the concentration of the 
tubular urine and in the surrounding blood is smaller and 
less urea leaves the tubular urine. The excretion' of nred 
from the single kidney becomes greater than it was earlier 
from each kidney separately when both kidneys were func- 
tioning. How great a compensation can be affored by this 
mechanism? If we assume that 50 per cent of the filtered 
urea is normally rediffused (or reabsorbed) a decrease in 
the filtration by one-lialf (~ removal of one kidney) would 
imply that in order for the excretion of urea to be Ihe same, 
the entire filtered quantity of urea is excreted in the urine. 
In other words, there is no rediffusion. Obviously, this 
cannot he the case, since as long as Ihe flow of urine remains 
within normal limits — and this is so even if only one kidney 
is present — the glomerular filtrate must he very substanti- 
ally concentrated and some part . of the urea thus return 
to the blood. Other compensatory mechanisms must there- 
fore come info force, of .which two kinds can be envisaged: 

1) an increase in the concentration of urea in the blood, 

2) an increase in the size - of the glomerular filtrate. 

An increase in the concentration of urea in the blood 


from 15 mg per cent to 20 mg per cent would imply that 
25 per cent of the filtered quantity, of urea could be reab- 
sorbed. An increase of 25 per cenL in the rate ol the glo- 
merular filtration (from 60 to 75 ml/min for the one kidney) 


on tire other hand, would mean that 20 per cent of the urc;l 
would return to the blood.' If both tlies|e (occurrences toot 
place simultaneously, the reabsorplion would be 40 per cent. 
All these figures are calculated on the basic premise that 
llie excretion of urea is unchanged. Obviously, the real) 
sorption of urea must' be considerably less if the glonrerulai 
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fillrale is reduced to one-half and Hie flow of urine is main- 
tained at Hie same level as when both kidneys were func- 
tioning. In the latter event the concentration is approx- 
imately 100 times, in the former only 60-70 times and thus 
the differences in the concentration will varv considerably 

. s 

in the two msLances. 

From the arguments in the foregoing it is seen Lhat several 
possibilities exisL for compensating the loss of one kidney 
so that individuals with only one kidney can manage as well 
as those who have two. A special problem is: which is the 
cause of one kidney functioning more effectively when it is 
alone? It must receive some sorL of indication that it must 
take over all the work formerly carried out by both. This 
possibly takes place as follows. When the kidney has func- 
tioned for. a very short lime al the same rate as previously, 
disturbances arise in the form of a rise in the non protein 
nitrogen, changes in Llie water and sodium chloride balance, 
etc. The kidney’s usual response to these changes in the 
normal balance is lhat of increased function. The non protein 
nitrogen, etc. then return almost to normal, although a re- 
sidual small change is left as a warning signal to the kidney 
that its work must be continued on the same level. In the 
case of non protein nitrogen, the increase is presumably so 
small Lhat in the single case it lies within the normal limits 
and cannot easily he discovered. It could of course be deter- 
mined by examination of a large series of nephrectomized in- 
dividuals in which the mean would show a difference against 
the normal. 

An objection can obviously be made to the hypotheses, 
in the foregoing, namely that the conditions were only 
discussed with reference to urea. Ul'ea is, per se, non-toxic 
and does not give rise to uraemia. Nevertheless, the con- 
centration of urea has a parallel course with the changes 
in renal function and if this is impaired, the urea nitrogen 
in the blood rises. Since we do not know which substance 
— or substances — cause the clinical picture of renal insuf- 
ficiency, we must study some • known substance. Urea is 
well suited to this purpose, particularly since the manner 



212 


of ils excretion is more complicated Ilian that of substances 
excreted through secretion or filtration or both, "With a 
decrease in renal function, the conditions of excretion and 
reabsorption are naturally changed in respect of all the sub- 
stances. For several of them, however, these changes lake 
place easily owing to the extent of variation in the tubular 
cells. Urea occupies a unique position which is further 
emphasized by its relation to the excretion of water, which 
is one of the most important functions of the kidney. 

Renal function following nephrectomy must now be studied 
with these aspects in mind. Animal experiments have been 
carried out — as mentioned earlier — but they are hard to 
interpret and partly contradict each other. Only a few cases 
are described in which renal functional tests following neph- 
rectomy have been made in man. The present writer there- 
fore attempted to make a special study of this problem. 


Cases with One Functioning Kidney 

The present writer was able to examine 19 persons with one 
functioning kidney. Nephrectomy had been performed in U 
cases before the investigation and intravenous urography reve- 
aled one functioning kidney in the remaining five cases. The 
following data are given in tabular form (Table XXXXIX): 
diagnosis, age of the patient at the time of the examination, 
figures for the inulin and diodrast clearances and the effec- 
tive renal blood flow. The distribution according to age and 
sex is also found in this table as well as in the survey in 
Table XI (v. p. 95). It is seen from Table XXXXIX that the 
material can be divided into two groups, i.c. those ncphrec- 
lomizcd within a few years before the examination was 
performed and those operated on 11-22 years previously. 
Only one patient in the former group was over 30 years of 
age before the operation, whereas in the latter group onl) 
three of the seven cases were under the age of 30 when Ihe 
operation was performed. The patients in the former gioup 
were therefore usually younger at the lime of the examnia 
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lion, the mean age being 29.3 years, whereas the mean age 
for the latter group was 47.4 years. It must also be men- 
tioned that none of the operated patients showed any symp- 
toms from the remaining kidney in the form of proteinuria, 
elevation of the blood pressure, etc., with the exception of 
one patient in the latter group who had been nephrectom- 
ized 16 years earlier for congenital hydronephrosis (the case 
marked with an asterisk in Table XXXXIX). It was obviously 
not possible in this case to exclude the possibility of lesions 
in the remaining kidney in spile of the fact that the clearance 
figures were of llxc same order of magnitude as in the other 
two patients in this group, who were also operated on before 
the age of 30 years. As will be shown later there is a diffe- 
rence which may be due to age. Wc shall, however, discuss 
the whole material before going into the influence of age. 

The results of the tests in this group with one functioning 
kidney are seen summarized in Tables L and LI, which also 


Table L 

Comparison between normal cases and cases with one functioning kidney 
in regard to different tests. 


Determination 

Normal cases 

Cases with one 
functioning kidney 


Num- 

ber 

M ± e(H )' 

Num- 

ber 

M + s(M) 

Inulin denrflnr.fi . 

56 

122.2 4- l.S 

19 

77.4 + 3.4 

Diodrast clearance * 

53 

444.2 + 5.7 

19 

290.3 + 164 

Filtration fraction 

53 

0.275 ± 0.004 

19 

0.274 ± 0.011 

Creatinine clearance 

21 

140.9 ± 5.2 

9 

79.0 

Urea clearance 

21 

80.3 + 3.9 

9 

59.4 

Effect, renal blood flow .... 

53 

SIS. 9 ± 10.0 

19 

519.5 + 32.2 

Hmmatocrit 

56 

45.7 ± 0.5 

19 

43.4 ± 1-3 

Proteinuria 

— 

— 

19 

0.061 ± 0.023 

,,, ( systolic . . . * 

Blood pressure < 

5G 

130.4 ± 1.0 

19 

141.6 ± 4.9 
85.0 ± 3.4 

v diastolic 

56 

76.3 + 0.6 

19 

Urea nitrogen, mg % 

24 

17.7 ± 0.S 

S 

20.4 
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gives the normal figures and the differences. The differences 
were statistically significant for Llie innlin and diodrast clear- 
ances and for Lhe effective renal blood flow. The filtration 
fraction, however, was the same in the ncphreclomized as in 
the normal individuals (nor was there any difference in the 
haemalocrit figure which was hardly to he expected). Both 
the systolic and diastolic blood pressure were somewhat 
higher for this group than for the normal material, buL the 
difference was statistically probable for the latter only, cal- 
culated for both sexes together. IL is naturally impossible 
lo judge whether this elevation of the blood pressure was 
directly due lo the nephrectomy, since 12 per cent of the 
patients were over the age of 40. It is obviously more prob- 
able that l his small rise was due to the fact that so many 
of these patients were at an age when arteriosclerosis begins 
to become manifest, often with an elevation of Ihc blood 
pressure. The »age factor-* cannot, nevertheless, be respons- 
ible for the decrease in the innlin and diodrast clearances, 

Table LI 

Differences between normal eases aud'eases with one functioning- kidney 
with regard lo different tests. A minus difference signifies that the 
normal flgnro is larger, a pins difference signifies the contrary. 


Determination' 

Normal cases — cases with one 
functioning kidney 


Men 

Women 

Both sexes 

Inulin clearance 

- 48.4 

39.8 

--44.S + 3.8 

Diodrast clearance .... 

157.2 

147.4 

- 153.9 ± 17.1 

Filtration fraction 

0.013 

4- 0.011 

-0.001 + 0.012 

Creatinine clearance . . . . 

33.7 

— 73.G 

-G1.9 

Urea clearance 

— 21. G 

10.8 

20.9 

Fffcct. renal blood flow . 

- 300.3 

273.1 

- 299.4 ± 33.9 

Hsematocrit 

-0.8 

2.2 

-2.3 + 1.4 

, ( systolic 

mood pressurc< 

+ 1.8 

+ 19.5 

+ 11.2 ± 5.0 

v diastolic 

+ 3.1 

+ 13.5 

+ S.S + 3.5 

Urea nitrogen, mg % . . 

+ 0.G 

+ 3.1 

4- 2.7 
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since this was present in practically each individual ir- 
respective of age. Determination of the nrea nitrogen was 
only performed in eight of the cases and the standard error 
of the difference could • not therefore be calculated. This 
was also the case for the urea and creatinine clearances. 
The mean figure for these determinations is nevertheless 
included in the table in order to give’ an idea of how these 
results agree with the results of the other tests. 

As seen from the survey of the literature in tire foregoing 
only a few cases have been examined with modern methods 
and clearance tests. Ellis and Weiss (1933) and Fried- 
man ct al. (1942) thus found that some patients showed 
normal renal function following nephrectomy, whereas 
W elsh et al. (1944) found impairment of function in their 
two patients although — at any rate during the 40-month 
period of observation — it was not below 70 per cent of the 
normal figure. Kohler’s (1944) investigation is less convinc- 
ing, since he fixed the normal limits for creatinine clearance 
between 70 and 200 ml per minute, thus a very wide margin. 
Of his 56 patients, only six had a clearance below 70 ml/min, 
i:C. pathological figures according to the author’s standard. 
No information can be obtained from the forementioned in- 
vestigation regarding the number of patients in whom renal 
function was permanently impaired following nephrectomy, 
since their clearance before the onset of renal disease was 
not determined. If, for example, a patient »normally» had 
. a clearance of 200 ml/min and reached a figure of 150 ml/min 
after nephrectomy, this implies in actual fact a 25 per cent 
decrease in the total filtration and an increase with the same 
amount, if this is computed on a single kidney. Since 150 
ml/min is well within the normal limit, it is rather difficult 
in this case to judge the situation without knowing the fi- 
gure previous to the operation. 

The present writer’s investigation on 14 nephreclomized 
patients and five with one functioning kidney showed that 
renal function, judged by the inulin and diodrast clearances, 
was decreased in comparison to that of healthy individuals, 
and that only’ one patient showed an inulin clearance value 
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over 100 ml/min (i.e. 108 ml/min). It is obviously impossible 
to slate whether the figures for this patient reached the 
pre-operative level since no renal functional tests were made 
prior to the renal disease. Moreover, the results of the in- 
vestigation appear to indicate that the degree of compensation 
arising after unilateral nephrectomy depends on the age of 
the patient at the lime of the intervention and possibly also 
on the age at the time of the examination. 


Table LII 

Difl'oreuces betireon cases with one functioning' kidney operated before 

and after 30 years of ago. 


Determination 

< 30 years 


Diff. 


M + s(M) 

■ 

■ 

jM + s(jM) 


Inulin clearance..;... 

10 

S5.6 ± 4.0 

9 

GS.3 ± 4.9 

17.3 + 0.7 

Diodrast clearance... 

10 

327.3 + 22.1 

9 

249.1 ± 23.3 

78.2 + 32.1 

Filtration fraction... 

10 

0.20S + 0.015 

9 

0.2S1 ± 0.010 

0.013 + 0.022 

Effect, ren.blood flow 

10 

5S5.7 + 44.3 

9 

440.0 ± 40.7 

139.7 + 04.4 

f diast. 

Blood press. < 

10 

135.5 + 0.77 

9 

14S.3 + 7.14 

12. S + 9.84 

l syst. 

10 

S3.0 + 4. OS 

9 

S7.2 + 4.9J 

4.2 + 0.8 


In order to elucidate this fact the material has been di- 
vided into two groups, i.e. those who were operated on be- 
fore 30 years of age and lliose who were operated upon later. 
The former group consisted of nine individuals, the latter 
of ten. On account of the small material the standard errors 
arc computed using the standard deviations for all the cases. 
It appears from Tabic LII that the value for the inulin 
clearance is somewhat higher in the patients operated on. 
before 30 years of age and the difference was statistically 
probable. In respect of the other lesis the figures arc higher 
in this group although the differences according to the small 
material are not even probable. 
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II' the present writer's figures arc considered in the ligj,[ 
of the discussion in the foregoing' on the compensation mecha- 
nism following nephrectomy, the following facts are evident 
The inulin and cliodrast clearances are 65-67 per cent of 
the normal clearance, the creatinine clearance 56 per cent 
and the urea clearance 74 per cent. This means that the 
renal blood flow and the filtration rate have increased in 
Lhe remaining kidney by approximately 30-35 per cent as 
compared to before the operation in this kidney, calculated 
on the cliodrast and inulin clearances. If the increase in 
filtration is calculated in the same way on the creatinine 
clearance it is only 12 per cent. It is difficult to give the 
reason for this lower figure, but it is possibly due to random 
variation, the creatinine clearance determinations being con- 
siderably fewer. The increase of the urea clearance is, on 
the oilier hand. 50 per cent calculated on one kidney as be- 
fore. If lhe difference is calculated on the total amount 
there is a decrease of 25 per cent which means that the urea 
level in the blood must be higher than before the opera- 
tion if the reabsorplion of urea were the same as before. 
As a matter of fact it should be 23.5 mg per ceni, i.e. a 
third higher, if the figure obtained is correct. This fact 
will be discussed in more delail in General Discussion in 
the present paper (v. Chapter VIII). Urea nitrogen deter- 
minations were made in eight of the cases only. The mean 
figure was higher than in the normal material, the increase 
being approximately 11.5 per cent. According to lhe fore- 
going statements, this figure is too low and could be due 
simply to random variation, as lhe number of cases is 
rather small (Lhe number was not sufficient for a computa- 
tion of tlie standard error). The main cause, however, could 
be a lower reabsorplion. 

All these figures are in good agreement with the hypothe- 
sis in the foregoing retarding the compensation mechanism 
in such cases. It musl,\nevcrtheless, he borne in mind that 
the present determinations were carried out on patients ol 
whom the majority had lived with only one kidney foi a 

number of years and the figures obtained thus give no data 
* \ 

\ ' ' 

\ 

. \ 

\ 
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concerning llie immediate compensation following nephrec- 
tomy. It is possible that there is a smaller increase in filtra- 
tion rate and in renal blood flow and a greater increase in 
urea nitrogen level directly after such an intervention and 
that this gradually reaches the figures given here. This suc- 
cessive change would then be conditioned by the degree of 
hypertrophy in the remaining kidney with a gradual adapta- 
tion process towards normal conditions. In favour of this in- 
terpretation is the fact that function is more satisfactory — 
or perhaps it should be said that filtration and renal bloodi 
flow more nearly approach normal figures — if nephrectomy 
is performed at an early age when the possibilities of hyper- 
trophy arc greater, than in later years. 

As pointed out in the foregoing, the increase in the inulin 
and diodrast clearances was the same, i.c. approximately 
30-35 per cent of the figure for one ldclneV. That the in- 
crease look place in the same proportion is also shown by 
the fact that the filtration fraction figure was the same in 
these patients as in normal individuals. An increase in the 
filtration fraction could otherwise be thought to depend on 
a change in the tonus or the efferent arlerioles. AVere this 
the case, however, the relation between the inulin and dio- 
drasl clearances would be affected and approach a higher 
level . 



CHAPTER VIII. 


GENERAL DISCUSSION 


The results of Ihe tests used have already been discussed 
in connexion with the diseases studied in the present paper, 
i.e. acute and chronic nephritis and essential hypertension. 
The primary aim of the present chapter is to compare the 
pictures in the various diseases and to analyze the results 
of the different tests and their correlation in particular. 
Finally, the way in which the kidneys work when part ol 
them is eliminated will be touched upon, chiefly because 
different authors have expressed different opinions in this 
respect. In other words, the discussion here will be on a 
broader basis than before when the separate diseases were 
discussed. 

The results of the functional tests in the various renal 
diseases can be summarized as follows: 

1. Acute nephritis : low filtration fraction as an expression 
of a proportionately greater decrease in glomerular filtra- 
tion than in » renal blood flows. The greater the injury to 
the kidney the more pronounced is this change (determined 
by inulin clearance, v. fig 7, p. 138). 

2. Essential hypertension : high filtration fraction as a 
result of a proportionately greater decrease in the » renal 
blood flow; than in glomerular filtration. 

This functional change is nevertheless not always present 
in cases of essential hypertension in this material, contrary 
to the conditions in series of other authors (e.g. Gold- 
ring and C basis) but it is found in the majority of cases 
and it seems to be more pronounced the older the patient 
(v. fig 11 p. 196). 
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3. Chronic nephritis : although the filtration fraction lies 
within normal limits for lliis group as a whole, there is a 
distinct tendency with regard to the prognosis: with decreased 
function and a high filtration fracLion the prognosis is bad, 
whereas with a low filtration fraction it is better. This latLer 
facl is in agreement with the conditions in acute nephritis 
where the possibilities for an improvement in function are 
also obviously better than in progressive chronic nephritis. 
In the latter group only successive deterioration can be ex- 
pected. The different results of the functional tests in these 
two groups, i.c. those with a bad and a better prognosis 
respectively, could reasonably be correlated to different 
localizations of the injury. 

Of the foremenlioned types of disease, group 1 constitutes 
one extreme type and group 2 the opposite extreme, whereas 
group 3 occupies an intermediate position, changes of the 
type in group 2 predominating aL limes and those of group 
1 at others. 

Before continuing, it can be recalled that the filtration 
fraction is determined by dividing the inulin clearance by 
the diodrasl clearance. The » renal blood flow* is obtained by 
taking into • consideration the plasma content of the blood, 
i.e. by using the haemalocrit figure. Under conditions thaL 
arc otherwise equal, decreased filtration is .naturally the 
expression of decreased blood flow. If, however, filtration 
is lowered by, for example, a decreased permeability in the 
glomerular membrane, it is no longer a question of unchanged 
conditions. Obviously decreased filtration in such a case is 
not necessarily a result of decreased blood flow. 

What anatomical or functional changes in the nephron give 
rise to these different types of functional changes? In order 
to answer this question, the various possibilities must be 
considered. 

As regards filtration, a decrease can depend on 1) a change 
in the permeability of the glomerular membrane but also 
on 2) circulatory disturbances of various kinds. 

When considering the permeabilitg of ilie glomerular mem- 
brane , it must first be borne in mind that the foremenlioned 
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diseases — at any rate al limes — are accompanied by pro- 
teinuria. This implies that larger molecules can pass through 
the membrane Lhan under normal conditions. If the mem- 
brane became consistently more porous, an increase in filtra- 
tion should occur simultaneously. If the filtration does not 
increase, this must either depend on a considerable decrease 
in the filtration pressure in the glomeruli or on the fact 
that while a number of pores are enlarged, others are simul- 
taneously occluded so that the total number of pores be- 
comes less. With regard to the latter possibility, it can be 
recalled that proteinuria can arise very rapidly and also 
disappear rapidly. No very great increase in porosity appears 
Lo be required since in orthostatic proteinuria there is in- 
creased permeability of a' transient nature, which is con- 
sidered lo depend on moderate stasis. An increase in porosity 
is obviously also a requisite for the penetration ot‘ a large 
number of red blood corpuscles. 

If filtration is considerably decreased aL the same time 
that proteinuria occurs, this can — as mentioned earlier — 
depend on the fact that certain parts of the glomerular 
membrane have ceased to function. A rapid change of this 
kind can be envisaged on the grounds of a swelling ot the 
cells in the membrane only. When we are faced with more 
pronounced and less rapidly occurring changes in the glom- 
eruli in the form of endothelial proliferation or sclerosis, 
there is no difficulty in envisaging decreased permeability 
with a smaller number of open pores but an increase in size 
of those pores remaining open, thus allowing the passage of 
the protein molecules. The forcinenlioned swelling of the 
cells is more hypothetical as is also the increased size ot. 


the pores. 

It can also be postulated that filtration deci eases owm 0 
to circulatory disturbances despite an increase m 
meabililv of the membrane. It must anyhow be recu “ 
that increased permeability presumably characterizes 
majority of the renal vessels, to judge by the 
renal (issue occurring in acute nephritis I his oedu 
should per se be a circulatory impediment.- Ihe blood \e.. 
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arc subjected to increased pressure from the surrounding 
tissues and therefore become somewhat compressed. Ex- 
cessive oedema can practically inhibit circulation. This in- 
creased obstacle to circulation is counteracted to some extent 
by the elevation in blood pressure in acute nephritis. This 
elevation in the blood pressure should, ipso facto, give rise 
to increased filtration but the oedema can prevent any such 
effect. 

Furthermore, the resistance to the flow can be brought 
about in another way in acute nephritis. A spasm in the 
afferent arterioles should decrease the filtration and a dilaLa- 
lion of the efferent arLerioles should have the same effect. 
The latter mechanism should cause a decrease in the filtra- 
tion fraction whereas the former need noL affect it. 

1. The changes in acute nephritis can nevertheless — at 
least in parL — be of a functional character. The condition 
has a rapid onset and can be so transient as Lo indicate that 
functional changes arc responsible to a considerable extent. 
Thus, if filtration decreases owing to circulatory changes, 
the following possibilities must be envisaged: 

I. changes in the blood pressure, 

II. a » by-pass* mechanism according to the theory of 
True la et al. or 

III. changes in the resistance to the flow. i.e. changes of 
tonus in the efferent and afferent arterioles. 

The elevation in the blood pressure — which is never- 
theless usually fairly moderate in acute nephritis — has 
been touched on in the foregoing. It was pointed out that 
this can lo a great exLent be counteracted by the pressure 
of the surrounding tissues. In other words, it is impossible 
lo state exactly how much of the elevated pressure is trans- 
ferred Lo the glomeruli. An elevated blood pressure should 
naturally per sc increase filtration, but if the pressure of 
the tissue is increased there can be a decrease in pressure 
in the glomeruli and a resulting decrease in filtration. It 
is scarcely possible that this could be the case. 

A discussion of the >by pass> mechanism according lo 
True La ct al. (v. Chapter I) may be indicated in Ibis con- 
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nexion. This theory implies that part ol the blood in Uit- 
kidneys is .shunted-., via the juxta-medullary glomeruli and 
their efferent arterioles past the cortex and is emptied 
through the vasa recta into the medullary venous system. In 
other words part of the blood does not pass through the ex- 
cretory tissue in the cortex, although the filtration process 
can take place on a normal scale. This is the direct opposite 
of the course in acute nephritis, when the renal blood flow 
and tubular function are less affected than glomerular filtra- 
tion. The forcmenlioned theory cannot therefore he consid- 
ered valid. 

It therefore remains to discuss whether ionus changes in 
the afferent or efferent arterioles can explain the results of 
the functional tests. 

There are several possibilities, i.e. either an increase in 
the tonus of the afferent or efferent arterioles or a decreased 
tonus with resulting dilatation of either or both of these 
vessels. In respect of the filtration process this must - 
according to ordinary haemodynamic laws — adjust itself 
so thaL an increase in the afferent 'tonus and a decrease in 
the efferent tonus both give rise to a decrease in the glome- 
rular pressure and of filtration, whereas the opposite — 
increased filtration — occurs with a decrease in the afferent 
and an increase in the efferent tonus. This process of rea- 
soning obviously only holds good under otherwise similar 
conditions, i.e. constant blood pressure, unchanged colloid- 
osmotic pressure, etc. These factors are, however, very vari- 
able in the course of acute nephritis. This is particularly 
true — as mentioned in the foregoing — of the blood pres- 
sure. which is often elevated in the acute stage. At a later 
stage the colloid-osmotic pressure can also change, although 
the loss of proteins in this disease is only seldom of the 
order of magnitude that there are anv verv marked changes 
in the plasma proteins (as, for example, in nephrosis). 

Moreover, it must be pointed out that in acute nephritis 
there are at limes colloids in the filtrate and that the differ- 
ence due to the colloid-osmotic pressure of the blood mast 
then be smaller than under normal conditions. 



225 


The two existing possibilities for a decrease in filtration 
from a purely haemodynamic point of view arc an increase 
in the tonus of the afferent arterioles or a decrease in that 
of the efferent arterioles. Since the renal blood flow is un- 
changed in mild cases and is decreased in more severe cases 
— although proportionately less than filtration — the only 
remaining possibility is an increased tonus in the afferent 
arterioles. That this is probably the case was demonstrated 
by Black. Platt et al. (19 IS) who determined the degree 
of this afferent renal arteriolar resistance. Their calcula- 
tions. made with the help of Lamport’s (19-11) formulae, 
showed that afferent resistance was considerably increased 
in their three patients during the hypertensive phase of acute 
nephritis hut that when the blood pressure fell, the value 
for the resistance fell towards normal. In the opinion of 
the foremenlioned writers, a low filtration fraction is present 
only during the hypertensive phase of acute nephritis. This 
is nevertheless contradicted by the results obtained by the 
present writer (v. Chapter V. p. 138) i.e. the filtration fraction 
is low when renal function, assessed by inulin clearance, is 
very decreased (below GO ml/min) irrespective of whether 
the blood pressure is, has been or has never been shown 
to be elevated. A low filtration fraction is found not only 
during the hypertensive phase but also later. This fact 
appears therefore to prove that decreased filtration is to 
a great extent dependent on other factors, e.g. decreased 
permeability of the glomerular membrane, as discussed in 
the foregoing. 

To sum up the discussion it can be said that functional 
changes in acute nephritis probably depend on decreased 
permeability of the glomerular membrane but that a change 
in the renal arteriolar resistance presumably also plays a 
role. We must then lake into consideration a decrease in 
the filtration pressure in the glomeruli owing to the increased 
pressure from the tissues and also — at any rale in a gene- 
ral elevation of the blood pressure — a constriction of the 
afferent arterioles. 

2. The opposite type of functional -change, with fairly 
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normal filtration and decreased effective renal blood flow 
is char acleris lie of essential hypertension. The problem is 
considerably easier in this case than in the former group 
and the possible explanations fewer. 

The importance of the general elevation in the blood pres- 
sure must first be discussed. It should, ipso facto , increase 
the filtration but scarcely the filtration fraction, if the elevated 
blood pressure has as much effect on the vessels peripherally 
of the glomeruli. The effect of the elevated blood pressure 
can, however, be counteracted by' decreased permeability 
in the glomerular membrane or by increased tonus in the 
afferent arterioles so that filtration becomes normal. It is 
possible that both mechanisms play a role. In the early 
stage the probability of a change in the glomerular mem- 
brane is very small. In cases of longer duration there is 
more reason to expect sclerosis, particularly in cases of 
malign ant by per tension. 

The »by-pass» mechanism poslulated by True la et al. 
(1946) can be thought to have some significance, particul- 
arly' in flic case of senile patients. In a preceding chapter 
(Chapter I) the changes in renal function in rising age, 
when arteriosclerosis becomes manifest, were discussed and 
this :> by-pass.' mechanism was advanced as a plausible ex- 
planation. II is possible in cases of »pmnalure old age» 
manifest inter alia by arteriosclerosis with elevation of the 
blood pressure that this mechanism can operate and be partly 
responsible for Ihc results of the functional Lesls in some 
hypertensive patients. In younger individuals with variable 
blood pressure it is more likely that there is another reason, 
i.e. a change in the tonus of the efferent arterioles. 

, In the discussion in the foregoing of the different possi- 
bilities to explain the results of the functional lesls in acute 
nephritis, mention was made of the changes to which an 
increase or decrease in the tonus of the afferent or efferent 
arterioles could give rise. It transpired that the only' change 
in the tonus of the arterioles that could cause a functional 
change such as that found in essential hypertension is an 
increased tonus or spasm in the efferent arterioles. ih e 
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supposition of such a change would explain the lower renal 
blood flow and — despite it — the normal or practically 
normal filtration in mild cases and the proportionately smal- 
ler decrease in filtration in more severe cases. This explana- 
tion, i.e. increased tonus in the efferent arterioles, is that 
generally accepted by all earlier workers who have discussed 
the reason for the results of functional tests in liypeilenshc 
patients. This discussion applies to the assumption that dio- 
drast clearance is always an expression of the effective renal 
blood flow. If, however, the tubules are damaged and their 
secretory power in respect of diodrast is diminished, this 
discussion is no longer valid. A decrease in srcnal blood 
flows then naturally depends on this fact and the dispropor- 
tionalily in inulin and diodrast clearances is onh’ due to 
more advanced tubular than glomerular damage. As a matter 
of fact determinations of diodrast T„, in essential hypertension 
have shown that a tubular damage also contributes to the 
decrease in srenal blood flow* in this disease. 

Without entering into any discussion of the pathogenesis, 
either humoral or neurogenic, of essential hypertension, it 
can be recalled that after injection of hypcrlensin iii a 
normal human subject, Page (1911) noted an increase of 
10 nun Ilg in the general blood pressure with a simultaneous 
decrease of 50 per cent in the renal blood flow without any 
increase in filtration. This obviously gives no inform alion 
regarding the specific nature of the underlying change in 
the kidney other than that it is functional. The similarity to 
conditions in essential hypertension can indicate that the 
mechanism is the same in both cases. It can nevertheless in 
some instances be functional and reversible (initial hyper- 
tension with variable blood pressure) in other more advanced 
cases purely organically conditioned by sclerosis' in the rele- 
vant vessels (advanced hypertension with stabilized pres- 
sure). A vicious circle can very well be envisaged and appears 
moreover as probable. 

lo sum up, it can be staled that the changes in renal 
function, in essential hypertension, which are the exact op- 
posite of those found in acute nephritis, can be explained 
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by an increased tonus in the efferent arterioles — and pos- 
sibly even in tlie afferent arterioles — but that the »by-nass» 
mechanism postulated by Trueta et al. can also be con- 
tributory, at any rale in more advanced cases. In both inst- 
ances the result is nevertheless a decreased blood flow to 
the lubular excretory tissue. The changes can also, al any 
rale partly, be explained by a more extensive tubular than 
glomerular damage. 

3. In chronic nephritis functional changes corresponding 
to those in acute nephritis are found at limes but at others 
those characteristic of essential hypertension. The presence 
of one or the other type is obviously correlated — as pointed 
out previously — to whether there is progressive chronic 
nephritis or an exacerbation' of imperfectly healed acute 
nephritis. There is no reason to assume that any specific 
change arises in chronic nephritis. The same factors are 
probably contributory . as in the two main types described 
in the foregoing, although it should be emphasized that 
the conditions of permeability in the glomerular membrane 
probably play a larger role in chronic nephritis. 

This functional test can thus be classified as a topograph- 
ical diagnostic one in so far as changes of the nature 
found in essential hypertension chiefly point to a change 
in the vascular system distal of the glomeruli and possibly 
of the tubular apparatus as well. On the other hand, func- 
tional changes in the opposite direction presumably indicate 
changes proximally of or in the glomeruli themselves or 
changes that are manifest in some other way with regard to 
glomerular function (an increase in inlrarenal pressure). 

It can also be emphasized that those types of disease that 
are associated with proteinuria and haematuria must be 
correlated to- an increase in the permeability of the glome- 
rular membrane which at the same time is less permeable 
in certain oilier parts. Were this not the case, proteinuria 
would be accompanied by increased filtration on the grounds 
described in the foregoing. 


* 
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In dealing with the correlation of the various functional 
tests in impaired renal function and their value in assessing 
it, the present writer based his conclusions on the correla- 
tion calculations of results of the tests used in the investiga- 
tion. In making the calculations, the entire maleiial was 
assembled into one group, irrespective of whether the in- 
dividuals were diseased or healthy. The correlation was 
then calculated between the following: 

a) iniilin and creatinine clearance, 

b) inulin and urea clearance, 

c) inulin clearance and the concentration lest and 

d) diodrast clearance and the concentration lest. 

In addition, a computation was made in order to ascertain 
whether the filtration rale, determined by inulin clearance, 
had any connexion with the increase in the non protein 
nitrogen and urea nitrogen above the borderline figures given 
in the literature, i.e. -10 mg per ccnL and 20 mg per cent 
respectively. 

Before these correlation calculations are discussed, the 
following theoretical aspects must be pointed out. If, for 
example, a lest is the expression of the activity in the kidney 
of certain cells, this will naturally vary more or less de- 
pending on various factors. If another test is an expression of 
the activity of the same cells, if wall presumably be affected 
by the same factors as the former test, in which case both: 
tests will be more or less intimately correlated. If they are 
an expression of the same kind of activity in the cells, the 
correlation will be absolute. If, on the other hand, they 
arc an expression of different aspects of the cellular func- 
tion, they will probably only show' moderate correlation. 
Hu ally, if two tests refer to the activity of different groups 
of -cells, they may be only slightly or not at all correlated. 

hen we arc dealing with individuals whose kidneys are 
impaired, this can be still more evident. By including both 
diseased and healthy individuals, greater variation is obtained 
and thereby greater possibilities for correlation. If two tests 
refer to one and the same group of cells, they will both he 
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affected when injuries are present in the cells. This means 
that any possible correlation will be more distinct. If, on 
the other hand, two tests refer to separate groups of cells, 
there are greater prospects that the}" will be shown to he 
independent. They will, however, be correlated in more 
extensive injuries which affect both groups of cells. These 
indications, which are fairly self-evident, are given in order 
to justify the amalgamation of results from diseased and 
healthy individuals. This procedure gives a larger material 
and also affords greater possibilities of revealing correla- 
tions. Their significance must obviously be discussed and 
possibly subjected to further analysis. 

A few correlations are first given in the case of normal 
individuals only, although the material is then relatively 
small. The results of the calculations of the correlation be- 
tween the inulin clearance and the creatinine and urea 
clearances are seen from the survey below. 

Table LIII 

Coefficient of correlation, r, and its standard error, s(r), for normal 
cases in regard to inulin clearance —creatinine clearance* and 
inulin clearance — urea clearance respectively. 

Number of 

* cases r s(d 

Inulin clearance — creatinine clearance 21 0.38 ± 0.19 

Inulin clearance — urea clearance 23 0.29 + 0.19 

The material is unfortunately small, only 21 and 23 cases 
respectively", on whom all these tests were performed simul- 
taneously. It is seen that tire correlation found is not signi- 
ficant, but the figures nevertheless give the impression that 
a moderate correlation exists. The calculations were made 
chiefly" to justify the procedure in not separating the ma- 
terial into groups. The figures distinctly' show that the 
groups would then be too small and the mean figures too 
large. 

The results obtained from the total material \wll n0W 
be discussed. 
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Table 11 V 

Coefficient of correlation, v, and its staudard error, s(r), for different 
tests. Tiie standard deviation, a, for the 2nd test of the corre- 
lated pair is also given, as well as the standard 

deviation, s . around the regression line. 

' a " *- 


Correlation between 

Xum- 

ber 

r ± s(r) 

"'a 

3 

Inulin clearance — Urea clearance 

2 or> 

0.S18 ± 0.023 

15.2 

20.4 

Inulin clearance — Creatinine 
clearance 

157 

0.S93 + 0.01G 

18.0 

42.0 

Inulin clearance — Water 
tolerance test 

143 

0.453 + 0.000 

0.005 

0.000 

Hiodrast clearance — Water 
tolerance test 

143 

0.030 + 0.084 

0.000 

0.000 


Although there 1ms been much discussion regarding inuUii 
or creatinine clearance as an cxacl measure of glomerular 
filtration, all workers are nevertheless agreed that when a 
change in il lakes place it - is reflected to about [lie same 
extent in these two clearances (v. Chapter I). In the writer’s 
calculations of their correlation in 157 patients on whom these 
clearance tests were performed simultaneously, the correla- 
tion coefficient was 0.893 ± 0.016, thus showing that a strong 
correlation exists. This is also seen from Table LIY and 
fig 15. 

The regression for creatinine clearance in relation lo the 
inulin clearance is shown by the curve. It is found to be 


m agreement with a straight line and when the inulin clear- 
ance increases by 10 units, tlie creatinine clearance increases 
by 10.S units. In oilier words, it is evident that the two 
lesls run parallel to cacti other. The calculated standard do- 
wn ion around the line of regression is 19 units, compared 

with the standard deviation in the entire material, which 
is m units. 


Urea clearance has long been used as a measure of renal 
uc on. Several writers consider this lesl lo be superior 

‘°r "n t tr-,l tl ure™ i, ; ali0US "' il " imUin <™lhune on the 
° Urea clearImcc 15 nol only a function of the 
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rate of glomerular filtration but also of the functional ability 
of the tubules (v. Chapter I, Urea clearance). In other words 
urea clearance not only registers a partial function of the 
kidney but also throws more light on the activity of the 
entire nephron. 

Creatinine cl 



Pig IS. Diagram showing the regression curve of creatinine clearance in 
relation to decreasing values for inulin clearance. Both clearances 
expressed in ntl/min. 

Nevertheless, as already pointed out (v. Chapter VII, One 
Functioning Kidney) and as will be discussed subsequently, 
Lite resorption of urea from the tubules is probably chiefly 
a passive process correlated to the degree of water reabsorp- 
lion and thus possibly as well to the size of the concentra- 
tion difference between the tubular urine and the surround- 
ing tissue and to the speed with which the fluid passes the 
tubules, etc. Under such conditions the reabsorption of urea 
can scarcely be a measure of the functional ability ol the 
tubules, buL is -largely a secondary consequence of water 
reabsorplion through the tubules, which can be calculated 
exactly by a comparison between the quantity of walci 
filtered and excreted. 
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From these aspects it was ot interest to mveshgate ho v 
the urea and the inulin clearances were correlated. In the 
statistical calculation (dr. Table L1V) made on 20.> pat tents 
with, simultaneous inulin and urea cleat ance, ie ‘ 

lion coefficient and its standard error were 0.S1S ± 0.023, 
thus a distinctly significant correlation. In fig 10 Uicic is 


Urea cl 



Fig 16. Diagram showing Ihc regression curve of urea clearance in re- 
lation to decreasing values for inulin clearance. The latter expressed in 
ml/min, urea clearance in per cent of a normal value (100 %). 


also a curve for the urea clearance, drawn on similar 
premises as those used for the creatinine clearance. It is 
seen that the curve of regression is in a straighL line. It is 
found that when the inulin clearance increases by 10 ml, 
the urea clearance increases by 6 ml. That Ihc increase is 
smaller for the latter is due to the fact that the standard 
deviation is considerably lower for urea, i.c,. 2G ml, com- 
pared with 42 ml for creatinine. The calculated variation 
around the line of regression is 15 ml and is thus somewhat 
smaller than for the creatinine clearance. 

Opinions have differed considerably on (he value of the 
water lest as a measure of renal function (v. Chapter I). 
The majority of workers are, however, in agreement on one 



point, namely that the dilution test does not give reliable 
information on the condition of the kidney since extra- 
renal factors often influence it. On the other hand the maxi- 
mal concentration capacity test is considered by many to be 
the best existing measure of renal functional ability. 

In order to investigate in the present material how the 
maximal concentration capacity is correlated to renal function 
determined by inulin and diodrast clearance, a correlation 
calculation was made between the maximal concentration 
and these clearance values separately, based on a material 
of 143 individuals. It is seen from Table LIY that the cor- 
relation coefficient and its standard error in the calculation 
of the inulin clearance and the water test was 0.453 ±0.066 
and can thus be designated as moderately strong. No signi- 
ficant correlation could be shown between the diodrast clear- 
ance and the water test, the corresponding figure being 
0.036 ± 0.084. 

The latter result can possibly at first sight appear some- 
what puzzling, since both the water reabsorption and the 
excretion of diodrasl are mainly effected by tubular activity. 
This incongruity' can depend on several factors. Water reab- 
sorplion is largely' governed by 7 hormonal factors which — 
if they' arc not without effect — should nevertheless play 
a considerably 7 smaller role in the case of diodrasl. Secondly, 
in one instance we are dealing with reabsorplion and in 
the other with excretion and these two functions, although 
they' both take place through the tubules,- do not in the vast 
majority 7 of cases run a parallel course. Furthermore, both 
processes — at least to the greatest extent — arc reflected in 
different parts of the tubules. It can also be pointed out that 
the water test — or rather the concentration tesl — is a 
measure of the maximal working capacity of the tubules, 
whereas this is not the case when the diodrast clearance is 
determined. 

Fig 17 shows the curve for the maximal concentration, 
calculated from the mean figures at rising inulin clearances. 
It is seen from this regression curve that the rise is relatively 
slight. If the inulin clearance rises by 10 units, the specific- 



235 


gravity rises by 0.0006. The variations in specific gravity 
are not large, the standard deviation amounting to only 
± 0.006. 

A collocation was also made to determine the relation 
between the non protein nitrogen and the urea nitrogen 



respectively and the filtration rale. The results arc seen in 
tig IS. The curve for non protein nitrogen is based on the 
determinations oil 62 patients and that for urea nitrogen 
on 231 patients. To facilitate a comparison the same classi- 
fication was used for both. Owing to the larger material in 
the case of urea nitrogen smaller groups could otherwise 
ha\e been used. It was found that the curves started to 
lisc aboAe normal onty when the inulin clearance fell below 
70 ml/min for urea nitrogen and below 50 for non pro- 
tein nitrogen, if the customary borderlines for the normal 
values, i.e. 20 mg per cent for urea nitrogen and 40 nig per ' 
cent for non protein nitrogen, were used. These levels are 
marked on the diagram. The upper borderlines obtained in 
the present writers normal material are also marked, ic 

-9 mg per cent for urea nitrogen and -16 mg per cent for 
non protein nitrogen. 1 
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If the laller borderlines are used, Lhe curve for urea 
nitrogen crosses this limit at a filtration rale of approxi- 
mately *10 ml/min, and the non protein nitrogen curve 
crosses it at approximately 30. In other words the curve 
for urea nitrogen crosses these limits in both cases earlier 

"if? 



I'iij IS. Diagram showing the relation between non protein nitrogen (lliick 
line) or urea nitrogen (clotted line) and inulin clearance. The horizontal 
lines indicate lhe limits for normal values according to the lilcralme 
(lower line t and to lhe writer's upper limits (So). Dolled lines refer to urea 

nitrogen. 


Ilian docs lhe curve for non protein nitrogen. This is in- 
Icresling in itself. What is perhaps more important is that 
the curves start to rise above the normal borderlines only 
at such low inulin clearance values. Even if the number of 
determinations on which the urea nitrogen curve is based 
is not so large, it is nevertheless possible to slate that azotae- 
mia only starts to appear when renal function is reduced to 
far below 50 per cent of the normal, presumably when 
filtration has dropped to between 20-30 per cent. Both 
curves are calculated from the mean figures for groups 
with increasing levels of inulin clearance. 

Recently, there lias been some discussion regarding wheth- 
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cr creatinine or inulin clearance is the more . correct ex- 
pression of the filtration, rale. If small doses of creatinine 
are used, fairly considerable differences in the values arc 
found but this difference is less apparent with larger doses. 
On what does this difference depend? the discussion of 
this problem is found in Chapter I. Without making any 
categorical statements it is nevertheless possible lo discuss 
which lest is most suitable from a clinical viewpoint. 

It must first be recalled that the creatinine test is far 
simpler lo perform both from the point or view of the patient 
and of the laboratory. A possible disadvantage is that creati- 
nine is slightly more expensive but this need scarcely be a 


decisive factor. Under such conditions the only criterion is 
the degree to which the lest is suitable for the diagnosis of 
disturbances in renal function. 

The strong correlation demonstrated in the foregoing in- 
dicates that they both depend mainly on the same factor 
i.e. filtration. Actually, there is scarcely any difference of 
opinion in this respect. It is probable that creatinine is also 
excreted through the tubules although in a relatively in- 
significant proportion. Others are of the opinion that a 
small proportion of inulin is reabsorbed. Even if this were 
so. this fraction is of no significance, otherwise a correlation 
as strong as that found would scarcely become manifest. 

The decisive factor is, as mentioned, the degree to which 
pathological changes in the kidney can be diagnosed with 
the use of these tests. The figures given earlier for the three, 
diseases investigated here — acute and chronic nephritis 
and essential hypertension — show that the difference can 
not be great in this respect. 

In order to throw more light on the problem and to make 
use ol the entire material, information is given in the follow- 
ing of the number of cases falling outside the normal limit 
if this is denoted by 2 cr and 3 a respectively below the mean 
figure, when the material for the various groups of diseases 
is amalgamated. Willi a borderline of 2 g, the figure for the 
inulin clearance is then GTS per cent and for the creatinine 
clearance 52.2 per cent. The difference between these percon- 



lages is nol, however, significant (the difference is 12.6 ± 6.9) 
If we compare the tests with a borderline of 3 C , we obtain 
50.3 per cent and 34.8 per cent respectively. The difference 
between these figures is not significant, not even statistic- 
ally probable (it amounts to 15.5 ± 6.7). 

It is therefore possible that there are somewhat greater 
possibilities of judging a case with the use of inulin than 
of creatinine, but the difference is not large. The choice 
is therefore largely a matter of taste. The greater amount 
of work and of discomfort for the patient must he weighed 
against the small increase in accuracy obtained. The fol- 
lowing point of view can therefore be justified. Creatinine 
clearance can be used as a routine method, in. doubtful cases 
the investigation can be supplemented by inulin clearance. 

The clinical importance of urea clearance will now be 
discussed. 

As mentioned previously, inulin and creatinine clearances 
are both expressions of practically the same partial function, 
i.e. glomerular filtration, whereas urea is to a great extent 
reabsorbed in the tubules. This active or passive reabsorp- 
tion varies considerably in relation to the urine flow. It 
was mentioned in the survey of the literature that Van 
Slyke el a I. point out that urea clearance gives different 
figures on either side of a borderline of 2 ml/min. It is 
obvious that no very marke.d change occurs exactly at this 
borderline (v. the more detailed discussion in Chapter 1). 
It can also be mentioned that the filtration rale can affect 
the reabsorplion directly so that with a high filtration the 
rale of flow in the proximal tubules is greater than if the 
filtration is small. This should, per se, decrease the possi- 
bility of reabsorplion. If a decrease in filtration is not com- 
bined with damage to the tubular apparatus, the urea cleai- 
ance should — from this point of view — decrease moie 
than inulin clearance with a decrease in filtration. Since 
it is evident that this is not the case, this factor cannot he 
entirely explanatory but there must exist other or contribu- 
tory factors (e.g. decreased concentration of the -tubular 
urine, v. the following). Shannon (1938) mentioned cn 
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passant that Lhe rale of flow can have sonic influence, but 
lie did not discuss Ibis point in any detail. 

The importance of urea clearance in clinical practice, i.c. 
for assessing and diagnosing pathological cases, lcmains to be 
discussed. The number of cases falling outside the normal 
range of variation was therefore calculated for lhe whole 
material, as in the preceding cases. If this borderline is 
fixed at 2 a, the figure is 35.9 per cent of 117 cases. If 3a 
is used, the corresponding figure is 12.S per cent. Both figures 
are thus significant and considerably lower Hum lor lhe 
inulin and creatinine clearances. This condition is found 
in calculations for all three diseases separately and is - pre- 
sumably correlated with the fact that urea clearance is com- 
pensated to some extent even if the filtration falls below 
the normal level. Urea clearance can therefore certainly be 
said to represent the result of the various partial functions 
of the kidney. 

Volhard’s water test with determination of the maximal 
concentration capacity was that lest that gave least informa- 
tion concerning renal function in the present investigation. 

It is not possible to express an opinion on the clinical value 
of the water lest here, since it. was relatively seldom used in 
the cases investigated. For this reason if was not discussed 
earlier. It can he recalled that many writers consider the 
maximal concentration capacity to he an extremely good 
measure of renal function. It is possible that this is the 
case if another method is used to determine the concentra- 
tion capacity. lhe method used by the present writer, i.c. 
concentration following water tolerance lest — thus a com- 
bined dilution and concentration lest — is in any case far 
from the ideal. 

Finally, when the question of the value of diodrast clear- 
ance as a renal functional lest is to be judged, we return 
to the problem put forward in Chapter I. (The Problem) 
Ibis will be discussed at this juncture. 

It was seen in Chapters V. VI mid V 11 that it is possible, 
by making creatinine or inulin and diodrast clearance tests 
simultaneously, to obtain considerably more accurate in- 
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formation both with regard to the diagnosis and the prognosis 
in different renal disorders than by making only one of 
these determinations. Since glomerular filtration and the 
» renal blood flow/' do not change proportionately, but at 
times one and at times the other manifest greater changes, 
certain main types of functional changes can be indicated, 
corresponding to distinct clinical pictures. A filtration deter- 
mination alone does not suffice to reveal the degree and 
the nature of the actual functional disturbance, nor does it 
provide the same prognostic possibilities as combined tests. 
Although the combined tests arc more laborious technically 
than a filtration determination alone, the information thereby 
obtained is so considerable that it is necessary for accurate 
.assessment of renal function. 

The question of whether inulin, creatinine or urea clear- 
ance is preferable, as well as Lhc value of Volhard’s 'water 
lest, non protein nitrogen and urea nitrogen determinations 
as renal functional tests were discussed earlier in Ibis chapter. 

The question ;>how far is it possible to judge renal func- 
tion from clinical investigations alone?:' has already been 
answered in the various sub-divisions of Chapters V, VI 
and VII. 


The third main question in this chapter, i.e. the working 
of the kidney in an impaired functional slate, remains to 
be discussed. This problem is intimately connected with the 
conception of the kidney's reserve capacity, which was dis- 
cussed earlier in connexion with renal function following 
nephrectomy. Two main conceptions were found to exist. 
According to one, this reserve capacity is due to the fact 
that a large number of Iiephrons in the healthy kidney arc 
inactive and only start to function when necessary. The 
other explanation is that certain other changes lake place 
in renal function lo compensate the loss, of parenchyma. The 
results of renal functional tests on nephreclomized patients 
indicate that the latter conception is the most probable. 


2 n 


Tlicsc results are of importance for Ihc subse(|uenl discussion 
and will therefore be returned to later. 

The greatest controversy in judging renal 1 unction in severe 
injuries to the kidney is whether inulin and creatinine clear- 
ance, which can both be considered as an expression ol the 
volume of glomerular miration, also constitute a measure 
of it in cases of advanced renal disease. As in the question 
of the reserve capacity, there arc two diflercnl theories on 
this matter. Their principles are briefly the following. 

One postulates that the reserve capacity of the kidney 
consists of resting nephrons. When renal injury is so ex- 
tensive that renal insufficiency has started to develop, this 
can manifest itself in three different stages (hkehorn 19.18, 
1910;: b the initial stage. 2* (lie inlcrmediale stage and .T 
the final stage. 

According to this theory, the initial stage is characterized 
by normal or by )ier normal inulin and creatinine clearances 
and a considerably lower urea clearance. 

In Ihc final stage, on the other hand, the inulin. creatinine, 
and urea clearances approach each other and arc often simi- 
lar, but all are definitely reduced. 

In the intermediate stage there is a normal relative pro- 
portion between Ihc urea, inulin. and creatinine clearances, 
although they can all he considerably depressed. 

To explain these three stages, the hypothesis is advanced 
that renal insufficiency is largely - or chiefly — - due to 
Ihc lacl that initially the tubular epithelium allows an in- 
creased quantity of urea lo rediffuse inlo Hie blood. Willi 
increasing renal injury this epithelium gradually becomes 
increasingly permeable not only lo urea lml also lo creati- 
nine and inulin. Owing lo the ralilTusion of Ihc two Iasi- 
mentioned substances, the values obtained for the inulin 
and creatinine clearances arc loo low compared with the 
actual iillralion. these, tests thus give an incomplete idea 
ol icnal Junction in severe impairment. Azolaemia in severe 
renal damage can therefore he regarded mainly as a mani- 
festation of tubular insufficiency conditioned bv uninhibited 
reabsorplion. 

ir> 
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According lo the second hypothesis, there are no resting 
nephrons in the human kidney. In renal damage of various 
kinds the number of functioning nephrons is successively 
decreased, hut those remaining act in principle in the same 
way as in the healthy kidney except that they take advantage 
of the existing possibilities for adaptation to increased func- 
tion, necessary in view of the number of injured nephrons. 
The chief supporters of this theory are Smith and his 
school. They explain renal insufficiency as depending on 
Ihe increasingly lowered filtration and consider it to be 
mainly a glomerular manifestation. 

Without entering into a detailed critical examination of 
these theories, a few brief observations can he made in 
consideration of the results obtained in the present investiga- 
tion. 

Ekehorn’s classification into three different stages of 
renal insufficiency — initial, intermediate and final — was 
chiefly if not altogether — founded on values published 
by Cam bier (193d). The latter made crealininc and urea 
clearance tests on 10 healthy individuals and 73 with dif- 
ferent renal disorders. Raised urea nitrogen values in the 
plasma were found in several of these patients, despite a 
normal — or in some cases hypernormal — filtration rate 
(determined by creatinine clearance). In many of them 
the urea clearance was also low compared with the high, 
filtration. This was interpreted as dependent on the fact that 
an unusually large quantity of urea had been rediffused 
through the tubular walls. According to the theory pul for- 
ward, more urea than normal is rediffused during the in- 
termediate stage since tlic tubules are more severely damaged 
and even creatinine can no longer he retained in the tnbulai 
lumen hut a part is also rediffused. The relation between 
the clearance values should approach the normal proportion. 
In the final stage the tubular lesion§ are maximal and uica 
and creatinine rediffuse lo approximately the same degree 
and their respective clearances must therefore he almost 
identical. 

Ekehorn considered that he was able to demonstrate 
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Hie same conditions in regard to inulin and urea by means 
of a detailed study of a paper by C lias is and Smith 
(1938) dealing with the conditions of these clearances in 

healthy and nephritic individuals. 

As regards Cam bier’s basic determinations, on which the 
whole theory is founded, it is a trifle strange that patients 
are so often encountered with no renal disease (cases oi 
acromegaly, diabetes, etc.) but with raised blood urea nitrogen. 
Amongst these are also patients with 2 hypernorm ah filtra- 
tion figures (according to creatinine clearance). IL is possible 
that these figures are conditioned by endocrine factors. How- 
ever this may be, such diseases are scarcely connected with 
renal disease. Cam bier also found high filtration values 
in some diabetics. In the present writer’s material of 12 
such cases no high filtration values were found (cfr. Hoge- 
m a n 19 IS). 

In C has is’ and Smith’s paper (193S) they made a sur- 
vey of the urea and inulin clearances in normal and nephritic 
individuals. These writers demonstrated that the ratio of 
urea clearance to inulin clearance rises in both categories 
when the inulin U/P ratio falls. It is recalled that the U/P 
ratio is the concentration in the urine divided by the con- 
centration in the plasma. If, in other words, these are sim- 
ilar, U/P 1 and the stronger the concentration of i he 
tubular urine, the higher the quotient rises above 1. This 
ratio is obviously the same whether a volume or filtrate of, 
lor example, 120 ml/min is concentrated to a final urine 
volume of (5 nil, min or a filtration of 20 ml/min gives a 
urine volume or 1 ml/min. In both instances the U/P ratio 
will equal 20. 

II appears lrom the graphs of the foremenlioncd writers 
that the same tendency to an increase in the ratio of the 
urea to the inulin clearance is found in normal individuals 
with a falling inulin U/P ratio as in nephrilics. They there- 
fore draw the conclusion that those nephrons that have re- 
mained capable of function in a progressive renal disease 
act, in principle, in the same manner as the nephrons in the 
healthy kidney. Their graph for normal individuals shows 



Ihe U/P ralio 1'rom 200 down io 0 and for the ‘nephritic 
patients from slightly above 100 lo 2. The reason that it 
was impossible in Ihe ease of normal individuals io obtain 
direct values for comparison with Ihe nephritics with a 
U/P ralio below l> is naturally Lhal it was difficult to pro- 
duce svifficienlly high diuresis in the former lo reach such 
a ralio (a diuresis of 20 ml/niin is required). A reconstruc- 
tion of the curve was made instead with the help of ex- 
periments on dogs carried out by Shan noil (193S) since 
the conditions for urea rcabsorption were found to be in 
agreement with those in man. 

On the basis of the theory of increased tubular permeability 
in renal insufficiency, Eke horn (1946) demonstrated bow 
C has is and Smi Ill's diagram could be interpreted in 
agreement with this theory regarding renal function in in- 
creasing damage lo the kidney. 

If these two theories arc lo be discussed in the light of 
the results achieved by the present writer, the following 
observations can be made. 

1. In my material of nearly 301) cases no values approach- 
ing the high level of Cambier’s scries occurred. It has previ- 
ously been pointed out that this can possibly be due to endo- 
crine factors in certain of his cases. Il is also possible 
lhal differences in the methods can play a role. 

2. If the theory that renal insufficiency, in Ihe initial stage 
is caused by increased permeability for urea and thereby 
an increase in non protein nitrogen despite normal or »hy- 
pcrnormalv filtration were valid, 11 should have been possi- 
ble to observe this in the present material in which a large 
number of the patients were at this stage. A study oi fig IS 
in which llie urea nitrogen figure is given with decreasing 
filtration nevertheless shows that no rise whatsoever in men 
nitrogen was manifest before the filtration rale — measured 
with imilin and/or creatinine clearance — fell far below 50 
per cent of the normal. 

3. We are aware Lhal urea rcabsorption is dependent on 
the degree of water rcabsorption and thus on the degree of 
concentration of the glomerular filtrate, since urea cleaiance 


varies wilh Ihe lilLral ton rale and with Hie urine Mow (v. 
I he foregoing). Tliis is also illustrated by Ihe conditions 
following nephrectomy, when the total filtration dcei cases 
but that of the remaining kidney increases compared with 
that before the intervention. That the output ol urine in 
these cases is normal is conditioned by the fact that the 
water reabsorption and IhaL of urea decreases compared to 
its previous size. These changes cannot be associated with 
a change in the actual permeability of the tubules. That 
the difference here between the urea and the inulin clear- 
ances was smaller than in the healthy individuals must be 
due to the fact that Ihe glomerular filtrate is concentrated to a 
lesser degree in the case of the patients wilh diseased kidneys. 

This fact must therefore be borne in mind when renal 
function is to be assessed by urea clearance in damaged 
kidneys. Particularly when the impairment is very pro- 
nounced, values relatively loo high are obtained wilh urea 
clearance. 

I. Figs. 15 and 10 also show that with impaired renal lune- 
lion the inulin. creatinine and urea clearances change propor- 
tionately to approximately the same degree until the filtra- 
tion rale is very low. The present writer can only interpret 
this to indicate that the kidney handles these different sub- 
stances in principle in the same way in healthy and in 
nephritic individuals. Me thus shares the opinion of C has is 
and S m i t h. 

Vtilh very low filtration figures this proportionality is 
less pronounced. This can possibly be due to Ihe lad Ilia! 
with severe renal damage the inulin and creatinine clear- 
ances do not express Hu* true filtration rate hut only a 
part of the respective substances rediffuscs through Ihe 
tubules. It must be borne in mind that in advanced renal 
disease the tubular lumen is enlarged and the rale of filtra- 
tion considerably lowered. The rate of flow in the. tubules 
is therefore much slower than normal and the lime available 
for redi I fusion or rcabsorplion is considerably longer. 

It nevertheless appears unlikely IhaL red if fusion^)] - these 
substances takes places since their respective clearances fall 
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In practically the same degree. If there was an increase in 
llic permeability nf the tubular walls lln-rc should Ik- sonic 
difference -- as pointed nut by ('. has is and Smith — 
between creatinine, which is a low molecular substance and 
relatively easily diffusible, and inultn which is high mole- 
cular and has a diffusion coefficient of the order of magni- 
tude found in moleeub-s with a molecular weight of approxi- 
mately 17 unit 

To stun up the writer's investigation of this matter, it ran 
therefore be eonetuded that a decreased filtration rate with 
the accompanying lesser concentration of tubular urine must 
play a large and presumably decisive role in the convergence 
of the urea and inulin and urea and creatinine clearances 
respectively No hypothetical and as yet mtcstablished in- 
crease in tubular permeability in increasing renal damage 
need be postulated in order to explain the conditions of 
these clearances in renal insufficiency. 



Summary 


III a. survey of Ihc lilcrcilurc on renal function it is found 
Ihal the modern melliods used Lo lest il have mainly been 
applied lo normal individuals and 111 a l only a small numbci 
of determinations on pathological eases exist. Ibis docs not 
apply lo essential hypertension concerning which several 
large investigations have been reported. IL is emphasized Dial 
in respect of inulin clearance no large number of cases with 
acute or chronic nephritis lias been examined. 

The aim of the present investigation is therefore to establish 
the clinical importance of these types of clearance tests as 
far as is possible on the material available. 

The clinical material consists of altogether 2flS individuals 
(242 pathological cases and 50 healthy individuals). The 
former arc distributed as follows: acute nephritis 80. chronic 
nephritis 48, essential hypertension (32, diabetes 24. 1 The 
other 19 patients had only one functioning kidney and are 
included in order to obtain an idea of the reserve capacity 
of the kidney. 

The 50 healthy individuals between the ages of 13 and 
46 years are used as a normal control group. 'Flic clearance 
values obtained for these normal individuals are in agree- 
ment with those usually given in the literature. An excep- 
tion is the diodrast clearance for which the writer’s values 
arc lower, owing lo the fact that a single intravenous injec- 
tion of diodrast is given (v. p. 80). Somewhat lower values, 
for urea clearance than those generally accepted arc also 
found. This is presumably explained by the fact that — 

An account of these latter cases is given in a separate paper in press 
(Acta mcd. Scandinav. 1918. Suppl. 2101)). 
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wilh the Icchnique employed — the urea nitrogen values 
in llie urine are relatively loo low as compared with those 
in the plasma (v. p. 73). 

In the performance of the tests certain facts arc established 
which may possibly be of general interest. 

1. Different results are obtained with varying brands of 
creatinine. This is a source of error of considerable im- 
portance and implies that caution must he exercised in 
comparing the results obtained by different investigators. 

2. It is demonstrated that in iodine (diodrast) determina- 
tions, the level of the combustion temperature and the 
lime for combustion should be adjusted according to the 
amount of protein present in the different samples. The 
writer finds that 140° C is a suitable temperature for plasma 
and 300° C* for urine. 

3. As regards the Icchnique in diodrast clearance tests, 
both continuous infusion and single injections have formerly 
been used. No detailed discussions of the reasons for the 
slightly different results obtained with these two methods 
are found in the literature. The writer discusses this problem 
(Chapter II, p. 78) and concludes that the fact that the 
diodrast is bound to the plasma proteins presumably plays 
the greatest role in the decreasing clearance values after a 
single administration. 

* 


The different groups of diseases are dealt with as follows. 
The mean figures for the tests in the various diseases arc 
compared with the mean figures for the normal individuals. 
A calculation is then made of the number of cases falling 
outside the normal limits of variation. Finally, it is deter- 
mined if a case outside the normal limits of variation of one 
lest also lies outside the normal zone of the other tests or not. 

1. It has previously been shown that the filtration traction 
is low in acute nephritis. The new results obtained here 
are mainly the following: 

In acute nephritis, filtration — as determined by in til in 
clearance — is decreased in a relatively large number of 
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cases. This has hccn established earlier in smaller scries. 
In agreement with the findings ol‘ Hi) den in his 21 cases 
a simultaneous hut relatively less marked decrease in the 
diodrasl clearance is also found in the present material, 
resulting in a low filtration fraction. The writer is thus 
able lo confirm earlier observations. He has lound. fui thei 
dial if the filtration rale falls below 70 ml/min, there is a 


decrease in the filtration fraction in practically every case. 
The diagnosis: acute nephritis may thus be continued and 
a certain basis for the prospective duration is obtained. 

5 The writer shows that if, at the lime of the investiga- 
tion, the filtration is below 70 ml/min the patients do not as 
a rule recover within three months irrespective of the degree 
of hypertension, oedema, etc. In other words, a patient 
with decreased filtration requires longer hospitalization. 
This 1'acL nevertheless does not provide us with any prog- 
nostic information as lo subsequent recovery or the develop- 
ment of chronic nephritis. 

0. As regards chronic nephritis the writer finds no change 
in the filtration fraction when comparing these, cases as a 
group with the normal material. A closer analysis never- 
theless reveals that the prognosis was poor in patients with 
decreased filtration and a high filtration fraction, since 13 
of 15 patients died, all except three within a year. On the 
other hand the prognosis was considerably more favourable 
for many patients with decreased filtration but a low filtra- 
tion fraction, since an improvement was found on a later 
repetition of the tests. In the latter cases it must have been 


the question of an exacerbation of an imperfectly healed glo- 
merulonephritis. The writer also finds that cases with pro- 
nounced retinal changes and raised non protein nitrogen 
showed more pronounced impairment of renal function 
compared to cases grouped according to the presence or 
absence of other symptoms. The cases with elevation of 
the diastolic blood pressure finis manifested no more severe 
changes than those with normal diastolic pressure. 

7. Contrary to general opinion, the writer finds that in 
his cases of essential hijpciicnsion a large number (approx- 
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iraalely 25 per cent) have no raised fillraiion fraction al- 
though the clinical picture is otherwise typical. The filtra- 
tion fraction thus gives no definite guidance for the prog- 
nosis in this condition. On the other hand, it shows °a 
definite tendency to rise with increasing age. With an imilin 
clearance below 75 ml/min, the prognosis is nevertheless 
poorer than with high clearance figures although no more 
than 20 per cenL of deaths were due to uraemia. Further- 
more, the writer finds no correlation between the results 
of the clearance tests and the level of the diastolic blood 
pressure. As could be expected, the cases with severe retinal 
changes showed particularly poor results in these tests It 
may be mentioned that in another publication the author 
has analyzed Ihe question of retinal changes in diabetic 
nephropathy (Acta med. Scandinav. Suppl. 216 b). 

* 

8. In cases with one functioning kidney the writer finds 
increased function in the remaining kidney but in some ways 
decreased function as compared with normal individuals. 
After a theoretical discussion of the possible explanations of 
how one kidney can perform the work of two, the writer 
reaches the following conclusion. The urea concentration 
in the blood increases and there is also a certain increase 
in the filtration rate in the remaining kidney and a decrease 
in the reabsorption of urea. These different factors are 
responsible to a greater or lesser degree depending on the 
age of the patient: the younger the patient at the time when 
one kidney is forced to do the work of two, the greater are 
the chances of hypertrophy and of a return towards normal 
conditions. 

9. The patho-pliysiological background of the functional 
changes in the different diseases investigated is discussed. 

In acute nephritis the writer gives the reasons for assuming 
that the glomerular membrane is less permeable at the same 
lime as a small number of its pores is larger than normally, 
thus allowing the passage of proteins and red blood cor- 
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pusclcs. II is also possible that an increased tonus in the 
afferent arterioles as well as an increased tissue pressure 
contribute towards decreased filtration. Moreover, the fi- 
gures show that the function both of the tubules and of the 
glomeruli is decreased and that both units arc presumably 
damaged. 

In essential hypertension the results of the functional tests 
are quite the opposite. The writer concludes as do earlici 
workers — that there must be an increased tonus in the 
efferent arterioles and also possibly a change in the excretory 
power of the tubular cells. At later stages there is reason 
to assume that the permeability of the glomerular membrane 
also undergoes changes. 

In chronic nephritis there is some indication that changes 
of both the forcmcnlioned types are present, the former being 
predominant at limes and the latter at others. 

10. The writer demonstrates that there is a strong correla- 
tion in his material between the inulin and the creatinine 
clearances. There is also a correlation between the inulin 
and urea clearances and between the former and the maximal 
concentration capacity, although this is less pronounced. 
There is no demonstrable correlation in the writer’s material 
between diodrasl clearance and the maximal concentration 
capacity. 

11. A calculation of the correlation between inulin clear- 
ance and (he level of non protein nitrogen or urea nitrogen 
reveals that in Ibis material (01 and 210 cases respectively) 
the non protein nitrogen begins to rise above the upper limit 
only .when the clearance falls to approximately 30-10 ml/min, 
whereas the urea nitrogen rises at values around 50 ml/min. 

12. On die basis of the tests performed, the writer con- 
cludes that even in marked renal injury inulin clearance 
is a satisfactory measure of the fill ration rate. It is thus not 
necessary to postulate an increased permeability of the lu- 
bular cells in still functioning nephrons in order to explain 
why the clearance values for inulin, creatinine ami urea 
lend to converge under these conditions. 
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RENAL FUNCTION 
IN DIABETIC NEPHROPATHY 


Diabetes mcllilus is one ol' the diseases in which renal com- 
plications often occur, and it can he questioned whether they 
are more common in any other chronic disease. \ arious causal 
factors may he responsible, but She three following seem to he 
the principal ones. 

1. Factors connected with diabetic disturbances in metabol- 
ism, for example, renal changes accompanying acidosis or 
coma and ^glycogenic nephrosis'. 

2. Changes directly dependent on the increased suscepti- 
bility of diabetics to infection, among which infections of the 
urinary tract are the most important. Such post-infectious 
diseases, e.g. acute glomerulonephritis, may perhaps be in- 
cluded in this category. 

3. Changes that arc generally considered to accompany 
arteriosclerosis but whose aetiology must still be considered as 
obscure. Diabetic nephrosclerosis and inlercapillary glomerular 
sclerosis belong to this group. 

The relation of diabetes to arteriosclerosis is obscure. Al- 
though no exact figures exist for the frequency of arterio- 
sclerosis in the normal population, we nevertheless have the 
impression that this disease is frequent in connexion with dia- 
betes mcllilus. One of the principal reasons may be that many 
diabetics belong to the higher age groups, when arteriosclerosis 
is common and, according to a widespread opinion, the prog- 
nosis is then relatively £ood. It is also possible that artcrio- 
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sclerosis per se causes certain disturbances which in him „; Vp 
ri.se to diabetes. It is. however, also possible Ihat (he metallic 
changes characteristic of diabetes eau favour the onset of ar . 
terioselenisis which then heroines manifest earlier ami more 
freijuently in such patients than in healthy individuals. With- 
out entering more deeply into the problem, the fore-join-- slate- 
rneiits are made only to emphasize that the problem is a vet 
far from solved. 

Itenal Innvtion in diabetics who show no signs of renal 
disease termed normal diabetics in the following ' will 

now he diseussed. 'Hie writer was able to find only one investi- 
gation in the literature in which elenraiiee determinations were 
pertormed on Mich patients, i.e. Ihat of C.a in bier 
tie investigated 2(1 normal diahelies between the ayes of t.S 
and 70 \eais and used 10 normal individuals (a tied lit 17 
Marx a s eoinpuiatise material, lie lound high fiilndion fi»- 
ures. determined l»v creatinine clearance, in the majority of 
the diabetics, amt the elearanec tenures for the whole jjroii|» 
were higher than for the not mat material. a m 1> i e r assumed 
that tile abnormal ligtires weie caused in some way l>v the 
hypoph\sis He did not. however, give any details ot the sup- 
posed mechanism, hut his conclusions appear to have been 
drawn hv analogs, sine** he also found a sub-normal urea 
clearance in diabetics as well as in five eases of acromegaly 
i three without glvcosuria). i.e. raised ereatinine clearance and 
sidi normal urea clearance. When he injected pituilrin into 
three patients (one diabetic, one with acromegaly and one a 
normal individual) the conditions were reversed, i.e. the creat- 
inine clearance sank and the urea clearance rose. (, a miner.' 
general conclusions cannot in* accepted without further imesti- 
galion since his material was so small and the differentis 
found must therefore lie somewhat uncertain. 

The present writer investigated twelve diabetics without 
nephropathy Hive men and seven women). Data contemn),- 
their age are found in table 1 and the duration of the diubetts 
in table 11. To evaluate the results normal values must be 
used. In another investigation (Huge man HH*S) such d< hi 
minulions were made on f>(» individuals (between the <i P es o 


Table I 


Distribution according to ago in cases of diabclcs with and without 
nephropathy. Figures in brackets indicate deceased cases (they are 
included in the figures without brackets). 



Table II 

Distribution according to the duration of the disease in cases of 
diabetes with and without nephropathy. Deceased cases in 
brackets as in Table I. 
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13-17 years) and 
.sexes together: 


(he following 


values were obtained for d u . 


Inulin clearance: 
Diodrasl clearance: 
Filtration fraction: 


M ± r(M) 
122.2 + 1.8 
444.2 + 5.7 
0.2753 + 0.0041 


13.2 

41.fi 


0.0298 


It (he means are calculated for diabetics without nephro- 
pathy (he following results are obtained: 


Inulin clearance: 
Diodrasl clearance: 
Filtration fraction: 


M ± f(.M ) 1 

117.0 ±11.7 
394.8 ±35.4 
0.300 ±0.021 


15.4 

68.3 

0.043 


Tin's e means do not differ very much from the normal 
values. The differences found can be due to random variation. 

C a m b i e r‘s hypothesis was in no way confirmed by the 
figures obtained and — as far as one may venture to draw 
conclusions from ihe present material — diabetes mellitus does 
not per sc necessarily cause any demonstrable disturbance in 
renal function. 

As mentioned in the beginning of this paper, there are seve- 
ral reasons why diabetes is often associated with renal com- 
plications. Only Ihe conditions under point 3, i.c. inlercapillary 
glomerular sclerosis and so-called diabolic nephrosclerosis, 
will however be discussed in ihe following. The present writer 
prefers to use Ihe term --diabetes with nephropathy? for the 
latter disease, for reasons which arc evident from the lollowing. 

Glomerular sclerosis, which was first described by Kim- 
m e 1 s 1 i e 1 and Wilson (1936), has aroused great interest 
in recent years, despite its rare occurrence, since the disease is 
characterized by a definite clinical syndrome (often moderate 
diabetes in patients over 40 years of age,’ heavy proteinuria. 

1 The standard error is calculated here and on page 10 lrom the slan 
davit deviation of the total number of diabetics with and without nephr" 
palhy and not from the standard deviation given here. The total slant an 
deviation is thus lor inulin clearance 10.5, for diodrasl clearance 122 ..) na 
for the filtration fraction (t.<)74. 
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pronounced oedema ol’ the nephrotic type, hypertension and 
retinopathy) with a poor prognosis- Kim m el sliel and 
Wilson described eight cases. Since then several cases have 
been reported. It can be questioned whether there is actually 
a particular syndrome or whether it is rather a selection of 
cases with nephropathy and a poor prognosis. It is evident 
that there are many degrees of this disease, from insignificant 
lesions to widespread degeneration, and that its course can 
vary from a practically stable condition to a very malignant 
progression. In the future it will possibly be easier lo make the 
diagnosis if the hypothesis that certain vascular lesions, pro- 
liferative retinitis and rubcosis iridis (v, B a h r 1947) occur 
simultaneously with this intercapillary diahclic glomerular 
sclerosis proves lo be correct. 

The usual occurrence of » nephrosclerosis-’ in diabetics was 
investigated by .Toslin (1917) and later by von N o o r- 
den (1927) and by Fa hr (1937), amongst others. According 
lo Bcch guard (1946) (his type of r nephrosclerosis;' gives 
rise to renal and ocular symptoms similar lo those in malig- 
nant nephrosclerosis but differs from the latter in the follow- 
ing respects. The course is more benign. Ihe distribution ac- 
cording to age and sex is entirely different and the blood 
pressure is. on the average, only slightly elevated. His opinion 
was based on 22 cases of diabetes with renal disease. Eleven 
of them were alive at the time of the investigation and eleven 
had died 0-9 years after diabetes had been diagnosed. Of these 
eleven, one had died of cancer of ihe rectum, three of cerebral 
haemorrhage or coronary thrombosis and the remainder of 
renal disease. All the patients had a moderate elevation of the 
blood pressure, proteinuria and retinal changes. Urea clearance 
determinations were made in 11 of the 22 cases. Four had 
values over 60 per cent and in the remainder they varied 
between 9 and 57 per cent. B e c h g a a r d concluded that 
nephrosclei osis and diabetic retinitis ^apparently accompany 
each other to a strikingly' high degrees. He did not, however, 
go as dar as oilier writers who consider that diabetic retinitis 
cannot occur without simultaneous hypertension and vascular 
changes (V olhard 1921, W age n e r and W i .1 d e r 1921. 
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v on Noorden 1927, Bcssiere 1932) . H a n s c n (im 
found m his material that of twelve patients with constant pro- 
teinuria nine had considerable hypertension, retinitis, a rise in 
blood urea or angina pectoris. No renal functional tests were, 
however, made on these patients. Of the 19 patients with 
retinitis who died, the cause of death was renal disease in seven 
cases and cerebro-vascular or cardiac disease in nine. Han- 
sen drew (he conclusion from this investigation that constant 
proteinuria is associated with marked arteriosclerosis. 

Three principal questions arise in a discussion of diabetes 
and retinopathy: 1) Is there any connexion between these con- 
ditions and proteinuria? 2) Or between retinitis and impaired 
renal function? 3) Is hypertension the aetiological factor in 
the occurrence of retinitis? 

A number of investigations have been made to determine 
bow often diabetic retinitis is associated with proteinuria. 
On fray (1922) found proteinuria in 41.5 per cent of liis 
cases of retinitis, Dir ion (1933) in 57 per cent, f, ani- 
m i d g e (1930) in 45.5 per cent, Bcssiere (1932) in 89 per 
cent, Grosser (1933) in 79.5 per cent and Hanum (1938) 
in 47 per cent. As a comparison with these figures, it should 
be mentioned that the occurrence of proteinuria in diabetics 
has been assessed at a very high figure by a number of writers. 
II a t I c h o 1 (1924), for example, gives approximately 50 per 
cent, O’D o n o g h u c (1931) 77 per cent, whereas others, on 
the contrary give much lower figures, i.e. Isaac and von 
Noorden (1927) 21.5 per cent and Hanum (1938) 10 
per cent. 

It is apparent from the investigations reported here that 
diabetic retinitis can occur without simultaneous proteinuria 
and that the question of the frequency of proteinuria in sucli 
cases does not appear to have been established. In any case, 
different writers make very divergent statements. 

Another important question is obviously whether diabetic 
retinitis per se is closely connected with impaired venal func- 
tion. Opinions appear to differ. Russo (1925) found, foi 
example, decreased function in 9 out of 24 patients, but it was 
not possible for the present writer to ascertain which functional 
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tests were used. On fray (1922) found an increase of Am- 
bard’s constant (= impaired renal function) in 12 out ol 17 
patients and Wagenc r and Wilder (1921) found lowered 
secretion with the plienolsulphonphtalein test according to 
R o w n tree and Gcr a g h I y in 22 out ol 2>S patients. 
Grosser (1933), using the same method, found a decrease 
in 31 out of 33 patients. Hanum (1938) and II anum and 
Brochner- Morten sen (1938) investigated 35 cases of 
diabetic retinitis ‘by means of urea clearance determinations as 
well as creatinine and uric acid clearance in some cases. With 
the relatively wide range of variation given by them, they only 
found decrease of function in one of their 35 cases. They there- 
fore concluded that ^retinal changes can develop in diabetics 
even if their kidneys function quite normally » and were of the 
opinion that the materials of earlier workers were possibly se- 
lected and thus not representative. Nevertheless, on perusal of 
(he tables in the foremenlioncd writers’ retinitis material (188 
cases) it is seen that there were altogether If cases that also 
had constant proteinuria and elevation of the blood pressure 
(190/100 mm Ilg or more). Renal functional tests had only 
been made in two of these If cases (11 women and 3 men. 
aged between f9 and 74 years). The urea clearance was 146 
per cent in one (a 59*year-oId woman who had suffered from 
dihbeles for 7 years) and 55 per cent in the other (a 67 -year-old 
woman with diabetes of 5 years' standing) and a simultaneous 
creatinine clearance of 75 ml per minute. There were a further 
15 of these 18 3 cases that had proteinuria but no elevation of 
the blood pressure. 

The last question of importance in this connexion is whether 
hypertension can per sc he of decisive importance for the deve- 
lopment of diabetic retinitis; in other words, whether V o ]- 
hard’s hypothesis that ^without hypertension there is no 
retinitis in diabetics* is true. Hanum (1938) after a critical 
summary of the literature and of his own material, came to 
the following conclusions: 

1. The occurrence of hypertension is perccntually more 
liequent in diabetics with retinitis than in diabetics without 
retinal changes. 
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2. Moreover, the tendency towards relatively more marked 
increase of the blood pressure with advancing age seems to ) K 
greater in the former group of diabetics. 

3. This circumstance does not permit the conclusion that 
hypertension should play a part in the aetiology of retinitis. 

It is evident from this short survey of the literature that the 
aetiology of diabetic retinitis is obscure. Its elucidation is rend- 
ered more difficult by the fact that the disease exhibits dif- 
ierenl types and different courses in various patients. In order 
to solve this problem, a large material is necessary with a 
thorough investigation of the duration of the diabetes and the 
lime of its onset, the degree of the symptoms (glycosuria, blood 
sugar levels, acidosis, etc.), the changes in the blood pressure 
and the fundi, renal function and — not least important — 
the treatment of the disease. Tim present writer does not intend 
to report such an investigation in the present study, since it 
would have to be on a very long-term basis. The aim of the 
present investigation was to investigate the renal function in a 
group of diabetics, who fulfill certain determined criteria for 
particular changes, in order to ascertain the relation of dia- 
betes to such changes and possibly to obtain guidance for the 
prognosis. 

The following criteria were scl up: 

1. Constant proteinuria 

2. Elevation of the blood pressure 

3. Retinitis. 

It was not possible to take into consideration the various 
types of retinitis exhibited by the patients, but the changes 
were nevertheless considerable and bilateral in all the cases, 
consisting of vascular changes, haemorrhages and often exudate. 

The material was small, consisting of twelve cases (6 men 
and 6 women). The age-distribution is seen in table I and the 
duration of the diabetes in table II. The following mean figures 
and standard errors were obtained for this group: 

M± c{M> o 

Inulin clearance: 59. 2i 11.7 37.1 

Diodrast clearance: 270.9 ±35.4 135.4 

Filtration fraction: 0.206 + 0.021 0.070 
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Is can be seen that there is a statistically significant dii- 
j'erence for all three values as compared with normal individ- 
uals and thus lower inulin and diodrasl clearances. The nitra- 
tion fraction is also lower than normal. If a comparison is 
made wish the small number of cases of diabetes without 
nephropathy, significant differences are also lound, except for 
the diodrasl clearance, in which the difference is nevertheless 
probable. There is little reason to doubt that, with a larger 
material. Ibis difference would also be significant. 

In order to throw further light on the problem, a calculation 
was made of the number of cases falling outside Ihe normal 
range of variation. This was made on ihe basis of Ihe values 
previously given and using different strict limits, i.e. 2 a. 
2 J /i a and 3 a from Ihe mean value. The results are seen in 
table III. II is seen that if the limit is very strict, i.e. at 2 a. 


Table 111 

Number of individuals suffering from diabetes mellitus with and with- 
out nephropathy failing outside the normal limits calculated accor- 
ding to 2 2 l /„ c and 8 c respectively. 


Determination 


Diabetes without nephropathy 

Inulin clearance 1 11 

L'iodrast clearance ... 4 s 

Filtration fraction ... — 9 

Creatinine clearance . 1 2 

Urea clearance — 

Urea nitrogen, nig % — h 

Diabetes with nephropathy 

Inulin clearance 11 ! 

Diodrasl clearance ... S <1 
Filtration fraction ... S :i 
Creatinine clearance . u .-! 
Urea clearance . — 



Urea nilrogen, mg % 


N1 :. ID/., 


? hi 5 


12 1 11 
12 2 10 


11 1 — J 2 9 3 

8 4 — 12 S 4 

S :i l 12 8 4 

« 3 - 8 f> 3 



Hi 


12 S 
12 (1 


- 1 - 1 
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individual values fall below and above it in the case of u, e 
group with diabetes without nephropathy, although the ma- 
jority fall within the limits. This displacement towards ab- 
normal values is less pronounced if (he borderline is drawn 
at 3 o. Then only one value, i.e. lhal for diodrasl clearance, 
falls below the normal range of variation and one, the fntro- 
tion fraction, lies above it. This can depend on the fact that 
the normal values are taken for young and middelaged individ- 
uals between 13-17 years of age. but that several older persons 
are included in this material. 

When we are dealing with Hie group of diabetics with 
nephropathy, an entirely different picture is found. As the table 
shows, Ihe majority of values fall below the normal limit, even 
if this is drawn at 3 o. On the whole it can he slalcd that be- 
tween three-fourths and half of the values fall below this limit. 
It can further he pointed out that whereas for uncomplicated 
diabetes single values above the normal are found in respect 
of I he filtration fraction, this is not Ihe case for diabetics with 
nephropathy. It should he recalled that Ibis is. on the contrary, 
n common phenomenon in nephrosclerosis and hypertension. 


} Use ilssio II 

It is already an established fact that a definite correlation 
exists between diabetes accompanied by retinitis, and protein- 
uria. hypertension or impaired renal function, the last-men- 
tioned assessed by means of the phenolsulphonphtalein test or 
urea clearance. Only one previous investigation (B e c h g a a r d 
194G) lias been made on renal function in diabetics suffering 
from retinitis with accompanying hypertension and constant 
proteinuria. The present writer therefore considered it per- 
missible to report the findings in the present material, despite 
as small size, especially as such functional investigations on 
diabetics have not been published earlier. 

The investigation showed that impaired renal function was 
present in the diabetics with constant proteinuria, elevated 
blood pressure and retinopathy if a calculation of the figures 
for these functions was made for the group as a whole. In a 



13 


further analysis it was found ilvat there was a very much larger 
variation in the figures in this material as compared with 
normal or » normal diabetics material. This is conditioned b) 
the fact that there were considerable variations between the 
individuals belonging to this group and it can therefore be 
assumed that some ot Lhe individual patients showed nonnal 
figures. There was no such case among the women, but among 
the men there was one — the youngest of the patients who 
had entirely normal figures at the time ol the investigation. 
Practically identical values were obtained at an examination 
three months later, thus proving that it could not have been 
a question of a technical error. Nevertheless, this 20-year-old 
man died of true uraemia eighteen months later. Of the re- 
maining men, two had a slight decrease in renal function, 
whereas the rest had moderately to exceedingly pathological 
values. 

The majority of patients in this group showed a considerable 
deterioration in renal function, hut the correlation between lhe 
degree of deterioration and retinopathy is not absolutely uni- 
form even in this selected material, despite the presence of 
clinical symptoms indicative of renal injury. Moreover, the 
fact that retinopathy may occur without any perceptible change 
in renal function is illustrated by the following two cases that 
were not included in the material since, although proteinuria 
was present when they were admitted to hospital, it dis- 
appeared during their slay there. They were not therefore 
considered to fulfill the conditions earlier set up for this group. 

1. A man , aijcd 40 years with diabetes of 10 years' .standing and 
retinitis diagnosed .‘5 years previously. Blood pressure: lf)5/J10 nun 
Mg. Proteinuria: 0.3 promillc on admission, disappeared after about 
one week. Sediment: a lew red and while blood corpuscles. Inuliu 
clearance: 130 ml/min. Diodrasl clearance: 110 ml/nn'n. Creatinine 
clearance: 139 ml/min. Effective renal blood How: (’>87 ml/min, 

2. A woman, aged 4S years with diabetes or ,8 years’ standing. 
Retinitis diagnosed at present investigation. Blood pressure: 130/90 
mm Hg. Proteinuria: 0.3 promillc on admission, disappeared after 
about one week. Sediment: N. A. D. Imilin clearance: 117 ml/min. 
Diodrasl clearance: 378 ml/min. Effective renal blood flow: 030 
ml/min. 
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The present investigation lias afforded more definite proof 
Ural diabetic retinitis is not necessarily associated with an im- 
painnent in renal function, at any rate not to a degree possible 
to reveal with the methods used here. Earlier investigations 
have shown that proteinuria need not constantly be present 
and that retinitis can occur without simultaneous hypertension. 
Thus V o 1 h a r d's dogmatic opinion described in the fore- 
going is not supported. There is one further possibility, i.c. that 
retinitis, proteinuria and hypertension and also impairment 
of renal function are all co-ordinated symptoms of one and 
the same organic lesion caused by the metabolic changes of 
diabetes mcllilus. In Ibis case sometimes one symptom and 
sometimes another can occur initially hut in advanced cases 
the entire syndrome is present. This theory is further supported 
the fact that all the patients in this group in the present 
investigation had suffered from diabetes for many years, the 
majority for between 12 and 20 years. It is. nevertheless, im- 
possible as yet to establish the nature of this aetiological factor 
or whether there are several contributory factors. 

In advanced cases these patients present the clinical picture 
of malignant hypertension, with the possible exception that 
the degree of elevation of the blood pressure need not neces- 
sarily he high (Bee h g a a r d 1 946) . This author nevertheless 
pointed out an intrinsic difference between malignant hyper- 
tension and Ibis diabetic nephropathy, i.e. the prognosis,- which 
in the latter case is more comparable with that for benignant 
hypertension. The number of deaths in the present writers 
material was 25 per cent. As a comparison it can be mentioned 
that the number of deatiis in the group with malignant hyper- 
tension (retinal changes III-IV) was 72 per cent during ap- 
proximately the same lime of observation (Hoge m a n 1948). 

Although the material is very small the difference was prob- 
able (48 ±18 %). There are consequently quite good prospects 
that the results will be confirmed by further investigation. 

The present writer wishes to point out yet another difference, 
namely the age. In the present material two patients died at 
the age of 24, thus at an age which is scarcely found in a 
material consisting of cases of malignant hypertension. That a 
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relatively rapid deterioration can occur in cases in this group 
is demonstrated by the fact that in one of the patients, as men- 
tioned earlier, renal function became so impaired that eighteen 
months after having normal figures in this respect he died of 
uraemia. 

Finally, the filtration fraction must be considered. As is seen 
on page 10 the mean figure is 0.206 ±0.021 for this group, 
with a standard deviation of 0.070. This is low in comparison 
with the figure for the normal material. It this is compared 
with the figure for hypertensives, or perhaps even belter with 
that for the group with retinal changes III-IV (malignant 
hypertension) , it is very striking that it is so low for this dia- 
betic group whereas it is considerably raised in the group of 
hypertensives and very particularly in (hose with malignant 
hypertension. This is all the more strange since, as pointed out 
in the foregoing, diabetic nephropathy and malignant hyper- 
tension show a clinically very similar picture. What is I lie 
reason for this fact? 

It can scarcely be explained by mere chance since, although 
the material was small, only two of the 12 cases showed figures 
over the normal; the majority were under 0.20. Of the four 
patients who showed figures over 0.20, two died of renal in- 
sufficiency and the other two were 61 and 65 years old res- 
pectively, thus at an age when the >age factors contributes to 
raising the filtration fraction. If, therefore, we first consider 
the purely clinical similarity between the patients suffering 
from diabetic nephropathy and those with malignant hyper- 
tension and then the low filtration fraction which is more 
reminiscent of conditions in acute nephritis, we obtain a pos- 
sible indication of why the prognosis seems to be so much 
better for the patients with diabetic nephropathy than for those 
with malignant hypertension. There is a strong impression 
that the mechanism causing the decrease in renal function is 
entirely different in (he respective groups and that — if such 
an expression can be used — the ^malignant phase* of diabetic 
nephropathy consists of Kimmelstiel and Wilson’s intercapil- 
lary glomerular sclerosis. 
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Summary 

Renal function is studied in 12 cases of uncomplicated dia- 
betes and in 12. individuals suffering from diabetic nephropathy 
in the form of proteinuria, positive urinary sediment and eleva- 
tion of the blood pressure as well as retinal changes. 

Determinations are made of the inulin and diodrasl clear- 
ances and, also, in a few instances, of the creatinine and urea 
clearances and the non protein nitrogen level in the plasma. 

The writer comes to the following conclusions: 

1. Renal function in uncomplicated diabetes docs not deviate 
from the normal. 

2. In form of diabetic nephropathy studied here, there is on 
the other hand, usually a change in renal function towards 
pathologically decreased values. 

.‘3. A comparison is made between lliese latter cases and the 
results of similar functional tests in individuals suffering from 
malignant hypertension, which shows (he same clinical picture. 

Despite this, cases of diabetic nephropathy show a belter 
prognosis than (hose with malignant hypertension. The filtra- 
tion fraction (the relation between the inulin and diodrasl 
clearances) i?> high for the taller, whereas in the majority of 
those with diabetic nephropathy if is tow. This is similar to 
the findings in acute nephritis if the .filtration is decreased. 

4. Tliis fact, combined with (he more favourable prognosis 
in such cases, is considered by the writer to be associated with 
the different localization of the injury in Hie two diseases. 
The hypothesis is pul forward that the ^malignant phase* oi 
diabetic nephropathy consists of Kimmelsliel and Wilsons 
glomerular sclerosis. 


This paper has a dose connexion 
in this .Tournni. 
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Introduction. 


The original purpose of this investigation was to study the clini- 
cal signs of infarcts in the atria of the heart. The author had seen 
some cases with a suggestive clinical picture, but autopsy confir- 
mation was not obtained. The author then decided to go about 
it in the opposite way, collecting a material of proved atrial infarcts 
from autopsies and looking for corresponding clinical signs in the 
hospital records. It may be mentioned here that the investigation 
with the same scope of Cushing, Feil, Stanton and Wahtmax 
(1942) was not known to the author (because of the war and post 
war conditions) until 1946, when the present study was rather 
advanced. 

The author expected atrial infarcts to be rare (which was indica- 
ted by the scanty literature on the subject) but otherwise commen- 
surable with the large zones of complete necrosis in the ventricular 
walls, which are generally imagined by physicians when speaking 
about myocardial infarcts. The diagnosis of myocardial infarcts 
at autopsy is known not to be difficult, and the author hoped that 
the sampling of a sufficient number of atrial infarcts in an autopsy 
material would be a comparatively easy procedure. 

Experience did not justify this hope. Atrial infarcts proved to 
be difficult to diagnose and practically impossible to recognize with 
the naked eye. Suspicions based on the clinical signs or on the gross 
appearance at autopsy proved as a rule to be ill-founded on histo- 
logical examination. Not until the author realized the value of 
mural thrombosis as an index of underlying atrial infarction did 
the number of cases registered begin to rise. The sampling was then 
based upon histological examination of cases with atrial mural 
thrombosis. Only a fraction of the cases of thrombosis yielded atrial 
infarcts, but the observations on this material made it possible for 
the author to survey the hitherto neglected question of the etiology 
and development of atrial mural thrombosis. 
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Not only the gross recognition but also the histological diagnosis 
of atrial infarcts proved to be difficult. This led the author to devote 
some study to the histological picture of “coronary” myocardial 
lesions, especially the less advanced ones, -which also represent a 
neglected topic in previous literature. 

The histological findings not only elucidated questions regarding 
atrial infarcts, but contributed in some ways to the knowledge of 
“coronary ” 1 heart lesions in general. Consequently the morphology 
of “coronary” lesions in the atria has become one of the main themes 
of the present study. 

Clinical signs, referrable to atrial infarcts, proved to he rather 
scanty, sometimes diffuse and as a rule of little practical interest. 
The clinical observations have consequently become a less important 
part of the study than was originally expected. 

It is evident from this survey that the present study may seem 
composed of rather heterogenous elements. They are however kept 
together by one plan which has remained the main thread through 
the present investigation: to study the effect of deficient coronary 
blood supply to the atrial myocardium. 


CHAPTER I. 

Some general considerations concerning the site of myo- 
cardial infarcts. 

It seems to be generally accepted in the literature, that myocar- 
dial infarcts are found almost exclusively in the walls of the kjl 
ventricle. 

There has not been much discussion about this fact which is never 
theless remarkable. According to figures to be found in P. D- "W hite s 
manual the weight of the atrial and the right ventricular walls to 
gether nearly equals that of the walls of the left ventricle. Thus, 

1 The word "coronary” will in this study often be used hr the sense: 
“caused by a deficient supply of blood through the coronary arteries • 
author is quite aware of the fact that this use of the word coronary 

correct. In order to avoid long circumlocutions, the author will ion me 

on using this word (with quotation marks) in this sense. 
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myocardial structures, representing, in the normal heart, about 
half the total myocardial mass would appear to be practically immune 
to a type of lesion, which is of dominant importance in the other 

half. 

A number of reasons can be advanced to explain this disci cpancy. 

In the actual cases there is unquestionably often a left ventricular 
hypertrophy. On purely statistical grounds this fact would account 
for a preponderance of the left ventricle as site for infarcts, if they 
were assumed to be scattered at random over the total myocardial 
mass. 

Some authors assume (e. g. Holzmajtn and others), that the sites 
of predilection for coronary narrowing or thrombosis may account 
for the uneven distribution of infarcts. To the present author this 
explanation does not seem very satisfactory. It is true, that accor- 
ding to most statistical studies, the ramus intcrvcntricularis of 
the left coronary artery is somewhat more often occluded than the 
other coronary arteries. This artery is known to be mainly a nutri- 
tion artery of the left ventricular wall. But it is unquestionable 
that in the main stems of the coronary tree there is no place where 
an occlusion can affect exclusively the nutrition of the left, ventricle 
without also interfering gravely with the circulation in the walls 
of some other chamber of the heart. 

To the best of the author’s knowledge it has never been suggested 
that inlcrcoronary arterial anastomoses arc less well developed in 
the left ventricle than in the rest of the heart. The anastomoses 
existing in the normal heart have been the object of numerous in- 
vestigations and animated discussion (sec Svautkiiolz) but are 
probably of little immediate functional importance. Wide and cer- 
tainly important collaterals observed by ScitU'SiXGKtt and Biajm- 
gart and others are regarded by these authors as having probably 
developed gradually during the slow progress of a coronary sclero- 
sis, to meet the local demands for collateral blood supply in all parts 
of the heart. 

As regards the possibilities of nutrition by means of extracoronary 
vessels 01 directly from the cardiac lumen the left ventricular myo- 
cardium is probably at a disadvantage as compared with the walls 

of the atria. This matter will be discussed more in detail in sub- 
sequent chapters. 

The explanation which seems most attractive to the present author 
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is based on the current clinical conception of coronary insufficiency 
The classical definition of this conception is a disproportion between 
the actual demand and the supply of oxygen to the myocardium. 
The myocardium seems to respond immediately to all demands for 
increased work without having any guarantee of the availability 
of the increased oxygen supply which will become necessary at least 
in the long run. One of the clinical signs of this discrepancy is anginal 
pain; it has been shown by Buechner and bis coworkers that actual 
myocardial necrosis may be the anatomical consequence. We have 
been accustomed to resort to explanations of this kind in those not 
uncommon cases in which there is myocardial infarction hut no 
coronary thrombosis or even actual narrowing of the coronary 
arteries. 

Sudden stress would be expected to be the immediate cause of 
such infarcts and the part of the heart most often exposed to sudden 
stress is indubitably the left ventricle. In a case of coronary occlu- 
sion the area, of defective nutrition would not theoretically be expec- 
ted to respect the limits between the heart chambers. During rest 
collateral circulation may possibly be sufficient to prevent necrosis 
throughout this area. Every activity, however, immediately places 
a burden on the left ventricle, and the necrosis may thus become 
manifest in its walls while remaining latent in the other working units 
of the heart, which may be assumed to be more sheltered from the 
immediate effect of such a sudden overburdening. 

These reasons put together may seem to be sufficient to explain the 
extra proneness of the left ventricle to myocardial infarction. How- 
ever it must not be forgotten that left ventricular infarcts are prone 
to give rise to impressive clinical signs and are often fatal in the 
acute stage. They are consequently common findings in autopsies, 
and particularly easy to recognize in the broad mass of left ventri- 
cular myocardium. There is reason to believe that infarcts in other 
sites are likely to escape attention, clinically as well as post mortem. 
Occasional microscopical examinations of the right ventricular 
myocardium in infarct cases have made the author think that this 
assumption may be true for the right ventricle. The possibility that 
such oversights have been made in respect of the atria will form 
the main subject for study in the following chapters. 



CHAPTER II. 

The literature concerning atrial infarcts. 

a. Observations in cases verified by autopsy and in experi- 
mental studies of atrial infarction. 

Owing to the supposed rarity of the condition, most reports 
concerning atrial infarcts in literature are descriptions of single cases 
observed in autopsies. 

The first case was described by Clerc &■ Levy in 1925. The case 
was a man, 60 years old, with mitral stenosis and auricular fibrillation, 
who actually presented the clinical picture of an acute congestive 
failure. It is uncertain if the fibrillation (“fibrilloflutter ) was acute 
or chronic. At autopsy a hemorrhagic infarct was observed in the 
right auricle (“region supero-cxlericnrc"). 

Some years later Lisa & Ring (1930) reported a case in which the 
immediate cause of death was a spontaneous rupture of the left 
auricle. At the site of the rupture the myocardium showed advanced 
degeneration (fibrous scars and foamy muscle fibres). There was an 
extensive coronary sclerosis, thrombosis of the ramus interventri- 
cularis of the left coronary artery and multiple, recent and old ven- 
tricular infarcts. The histological picture of the ventricular lesion 
was similar to that found in the left auricle. An ECG taken 2 weeks 
before death showed a regular sinus rhythm and nothing abnormal 
in the atrial part of the ECG, 

In a case published by Ci.owe, Kellert & Gorham (1933) there 
was a ruptured infarct of the right atrium. No conspicuous changes 
were noted in the main coronary arteries, and no recent ventricular 
infarct was found. Microscopical sections showed a distinct intimnl 
thickening in the minor arteries (both in the atrial and the ventri- 
cular walls) “with considerable disorganization due to edema in the 
subpericardial tissue and muscle and many polymorphonuclear 
cells”. The clinical picture was that of an acute myocardial infarct 
(persistent precordial pain of sudden onset and acute cardiac failure). 
The patient died 4 days after his admission to the hospital; 3 ECG’s 
were obtained during this time. The authors did not find anything 
peculiar in the atrial part of the ECG, the present writer notes that 
the P-Q-time, which was in the first ECG (4/4 1930) 0.12 sec. had 
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in the last ECG (7/4 1930) shortened to 0.10 sec. (see p. 88 in 
the present study). 1 

Another case with rupture of the right auricle was described by 
Laignel-Lavastine, Liber & Bidou (1934). In this case there 
was a recent occlusive thrombosis of the right coronary, infarction 
of the posterior wall of the left ventricle and a ruptured infarct of 
the right auricle. These authors noted that in the auricle the myo- 
cardial damage was more pronounced under the epicardium than 
near the endocardium. There was no ECG in this case and the rhythm 
was referred to only as “tachycardia”. 

Nothing had been learnt by these earlier reports about the possi- 
bility of the existence of a specific ECG picture of atrial infarcts. 
This question was taken up by Lambert (1937) who studied the 
ECG alterations in 16 rabbits after occlusion of atrial arteries by 
means of artery clips. According to Lambert there are, in rabbits, 
only 2 atrial arteries of importance, originating from tbe left and 
right coronary, respectively, soon after they leave the aorta. The 
observations were only made during the course of the operation 
and the occlusion of the arteries was maintained for varying periods 
of time (seemingly as a rale one or two hours). ECG changes were 
registered after some minutes. The most important ones were: 

a. In some cases a depression of the P-Ta level (sometimes con- 
spicuous) in the limb leads IT — III. It apparently made no 
important difference whether the clips were placed on the right 
or the left artery only or on both simultaneously. 

b. In other cases there were changes in the contour and direc- 
tion of the P-wawes. Lambert noted specially negative or 
diphasic P-wawes in leads II and III. In cases in which the 
P-Q-intervals were shortened, he regarded the negative P- 
waves as consequences of a nodal rhythm, if the P-Q-intervals 
were unchanged he assumed the negative deflections at the 
site of the P-waves to be analogous with the coronary T 
waves” of myocardial infarcts. The latter explanation is some 
what difficult to understand and has not been accepted bj 
other authors. (Langendokf, Seieler and Weissel.) 

c. In some cases an irregular atrial tachycardia denoted by t e 
author by the term arrhythmic anarchique. 

Lambert also saw depression of the P-Ta intervals in leads II 
after crushing of the right auricular wall. 
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Finally, Lambert reproduces ECG’s from 8 patients with coro- 
nary heart disease in varying stages, exhibiting depressed P-Ta- 
intervals or negative P-waves somewhat similar to those found in 
the rabbit experiments. In none of these cases did Lambert have the 
opportunity of post mortem verification of the suspected atrial lesions. 

Some similar cases were later published by Lambert & Feigner 
(1938) and by Reigner (1939), without adding new facts of inte- 
rest for the solution of the problem. The present author has, how- 
ever, only seen abstracts of these papers. 

In 1938 Feie, Hardesty & Cushing found 2 cases of right atrial 
infarct in a series of 34 cases of myocardial infarct. In both cases 
ECG’s were available. One case had auricular fibrillation, the other 
had regular sinus rhythm and no conspicuous changes in the atrial 
ECG. In both cases there were multiple coronary arterial throm- 
boses and posterior wall infarcts of the ventricles. 

In the same year Abramson, Fexichee & Shookiioef studied 
the ECG’s of 6 cats and 5 dogs after cauterizing of the atrial wall. 
They found that cauterizing the left atrium was followed fairly regu- 
larly by a depression of the P-Ta-levcl in leads II — III and an eleva- 
tion of the same level in lead I. Cauterizing the right atrial wall 
was followed by a depression of the P-Ta in all the limb leads. Changes 
in rhythm or in the configuration of the P-waves seem not to have 
been conspicuous in this scries. 

In a similar investigation Sanders (1939) caused destruction 
of the atrial myocardium in dogs by intramural injection of 95 per 
cent alcohol. Injections into the walls of the left atrium resulted 
as a rule in elevation of the P-Ta in lead I and depression in leads 
II III. Injections into the walls of the right atrium were also fol- 
lowed by depression of P-Ta in II and III, but no changes were 
observed in lead I. The P-Ta levels in the esophageal lead often 
became positive, especially in rightsided lesions (depressed in the 
coupling used by this author). Furthermore he noted numerous 
changes in the contour of the P-waves: decrease of amplitude, broade- 
ning, slurring, notching etc., occurring with varying frequency. 
The occurrence of diphasic or triphasic P-waves was denoted by 
this author as the development of atrial Q-waves or hi- and AY- 
shaped P-waves in order to marie an analogy with the well known 
corresponding conceptions in the ventricular part of the ECG in 
cases of ventricular infarction. 
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Langendorf (1939) was the first to report a case of atrial infarc- 
tion, in which there had been during life an ECG suggestive of this 
lesion. His case was a woman of 63 years who died showing the 
clinical picture of an advancing congestive failure. At autopsy a 
severe coronary sclerosis was found with total occlusion of the left 
and partial occlusion of the right coronary artery. The myocardi- 
um showed numerous scars in the left ventricle and recent infarcts 
in the right ventricle and the right auricle. In an ECG obtained 
the day before death there was a definite depression of the P-Ta 
intervals in lead II— III (which had also been present though less 
pronounced in earlier ECG’s). Langendorf regarded this depres- 
sion as being caused by the atrial infarct and analogous with the 
corresponding ECG changes described by Lambert. It was however 
pointed out by Cushing et al. and by Holzmaxn that P-Ta de- 
pression of this degree is also common in proved non coronary 
cases. Their importance for the diagnosis of atrial infarcts is regar- 
ded by these authors as dubious. 

The only fairly extensive series of atrial infarcts published hitherto 
is that of Cushing, Feil. Stanton & Wartmax (1942). They found 
that the atria were involved in 31 (17 percent) out of 182 consecutive 
cases of myocardial infarct. Infarcts were found, in 5 cases in the 
left, in 27 cases in the right atrium. In 9 cases the infarcts were con- 
fined to the walls of the atria. These authors had payed special 
attention to atrial infarcts during a period of seven years, and thought 
that their figures reflected approximately the true incidence of the 
lesion. 

The clinical findings in this series were rather inconspicuous. 
ECG’s were available in 23 cases, 17 of which presented some sign 
of “abnormal auricular mechanism”. In 9 cases the abnormal mecha- 
nism was represented by auricular fibrillation, in 4 cases by auri- 
cular premature beats, in 2 cases by auricular flutter and there was 
1 case each of “sinus arrest” and “wandering pacemaker . Such 
an abnormal auricular mechanism was present only in 8 out of 91 
cases of myocardial infarct restricted to the ventricles. 

A slight depression of P-Ta-intervals was noted in 5 cases but the 
authors attached little importance to this finding. 

Cushing et al. also studied the effect of ligation of atrial arteries 
in 20 dogs. The infarcts obtained in these experiments were as a ru e 
small, multiple, disseminated lesions, differing from the human 
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infarcts, which were described by these authors as usually massive. 
Massive infarcts similar to the human ones were observed only in 
2 dogs after ligation of the main stem of the right coronary artery. 
Most of the dogs in these scries survived the operation and were 
observed, in some instances, for several weeks (earlier experimen- 
tators had made their observations during the operation only). 

The ECG findings after experimental infarction of the atria are 
described by these authors as rather similar to the clinical obser- 
vations, at least in the respect that only non-specific disturbances 
of auricular mechanism appeared. There was a nodal rhythm in 
7 cases, wandering pacemaker in 4 cases, auricular flutter in 1 case 
and more complex disturbances of the atrial rhythm in some other 
cases. Slight depressions of P-Tn intervals (in which leads?) were 
observed in 4 cases, and “transient increase in amplitude and con- 
tour of the P -waves" in 11 cases. The authors point, out, that, auri- 
cular fibrillation never occurred in any of the cases of experimental 
atrial infarct, it may be added, that the same observation was made 
in all previous experimental studies also. 

Other observations of these authors will be commented on later 
in the present study. 

A series of 3 right atrial infarcts was presented by Yorxo and 
Koenig 1944. There were actual ECGs in two of these cases. The 


authors think that, depressed P-Ta's may be present in lead 11— 
III in one case, but admit that the ECG is technically too unsatis- 
factory to permit definite conclusions. In the other case they call 
attention to a marked “dome-shaped*’ elevation of the P-Tn in lead 
III, which unquestionably has a very “coronary" appearance. The 
present writer finds the rest of this ECG a little puzzling at the first- 
glance and is - - after closer scrutiny — - inclined to assume the pre- 
sence of an auricular flutter with a 2: 1 A-V block. This interpreta- 
tion accounts well for the dome-shaped P-Ta's. 


The author has not, seen the report of Lovkz-Uuknk/,. Vinamos 
and PiiKGUEZUEiiO (1917) in the original. According to a reference 
in Excerpta Mediea they describe a case of right atrial infarction 
with mural thrombosis. There was no ECG in this case. 

Recently Sicim.hu & Weissei, (1917) described a case with grave 
coronary sclerosis ami multiple ventricular infarcts of varying age 
m which there was an infarct scar in the lateral part of the right 
atrium. The patient was a man of 50 with hypertension, who had 
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suffered for 4 years from anginal pains and died with the clinical 
• picture of an intractable congestive failure. Before death a diphasic 
P-wave in lead III had been registered in several ECG’s. The rather 
sharp, negative final deflection of this P-wave is regarded by these 
authors as a Q a wave, analogous with the “coronary” Q-wave and 
referred to the infarct found at autopsy. However, the present 
writer cannot understand why this deflection, occurring at the end 
of the P-wave, should be labelled a Q-wave. In the present author’s 
opinion it corresponds to the negative phase that may be found 
normally at the end of the P m (Lepeschkin), related by some authors 
to the activation of left atrial structures. If this deflection has any- 
thing to do with the atrial infarct observed, it is at any rate of little 
diagnostic value as similar deflections axe often seen in cases in which 
there is no reason to suspect the presence of atrial infarction. 

Finally in some other studies observations of atrial infarcts are 
mentioned en passant. Thus v. G Latin found 3 cases of atrial in- 
farcts in his total infarct material. Among 287 cases of myocardial 
infarcts Bean found 3 in which the atria were involved and recently 
Kellerstein & Wartmax noted 17 atrial infarcts, 13 of which 
rightsided and 4 leffcsided, in a total material of 184 myocardial 
infarcts. 

b. Some EGG findings, which, have been related to atrial 
infarction, in cases without autopsy control. 

Quite a lot of observations regarding the atrial ECG in cases of 
coronary heart disease have been reported in literature without 
reference to definite autopsy findings. Many of them have been cur- 
sorily mentioned in studies mainly concerned with quite different 
subjects and it is impossible to survey them completely here. Some 
such observations will however be mentioned and commented on. 

It was noted by Master in 1932, that an increase in the amplitude 
of the P-waves is a common (though transient) finding during the 
acute stages of ventricular infarcts. He observed such an increase 
in 32 out of 40 cases. It was usually most obvious in leads I and 
and Master thought the cause to be a dilation of the left, atrium, 
due to an acute failure of the left ventricle. Similar observations 
were made by Bloom & Gilbert (1942), who accepted the exp ana 
tion given by Master and thought that the phenomenon in ica e 
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a bad prognosis. Very high P-waves were observed in some eases 
of ventricular infarct by Hauss (1935) who does not comment the 
finding. The huge P-waves in some cases reported by Oettel (1911) 
were however interpreted by him as being possibly signs of atrial 
infarction. In support of this view he mentioned that in one of the 
cases there was an occluding thrombus in the circumflex branch of 
the left coronary artery. No direct proofs of atrial wall lesions are 
however to be found in the case reports of this author. 

Uiilexbrucic (1940) devotes a chapter in his book to the question 
of atrial infarcts. He exemplifies the condition with a case of his 
own, in which there was no autopsy, but a peculiar ECG picture 
which the author found highly suggestive of atrial infarct. It has 
later been pointed out by Lepeschkix (1912) and Ohnell (1915), 
that this ECG is a typical representative of the Vo i.t r- P a it k i x so x- 
White (“WPW”) type of ECG. As a matter of fact, Uhlexuruck 
had suspected a “bundle of Kent” but rejected this theory when 
the condition proved to be transitory. 

Another case with a WPW ECG has been published by Lachmaxx 
(1943), who also assumed this ECG to indicate atrial infarction. In 
this case the typical ECG had been present for several years and there 
was also the typical WPW history of habitual attacks of tachycardia. 
There was no autopsy in this case either. 

Although there can he no dispute about the ECG diagnosis in these cases, 
some further discussion of the matter is necessary owing to the fact that the 
genesis of the WPW syndrome cannot be regarded ns definitely settled. 

The wdlknown WPW ECG is characterized by a short. P — Q interval (as 
a rule below 0.12 sec.), QRS-complexcs of unusual breadth, due to the occur- 
rence in their initial parts of an abnormal additional deflection (the A wave 
of Belgian authors) and finally, more or less pronounced abnormalities also 
ill the S — P and T segments of the ECG. Another definition implies, that, the 
QPS complex is broadened on the cost of the P — Q interval by means of an 
extra deflection (the A wave). 

It seems to be widely accepted that, the cause of the WPW-pattorn is a 
premature activation of some part of tiie ventricular myocardium, (preceding 
its normal activation, mediated by the ordinary A— V pathways). The pheno- 
menon has been termed preexcit at ion ’ by Oii.vi.'ix, .Such a premature trans- 
mission of the atrial impulse to the ventricles could be realized through extra- 
nodal muscular bridges between the atria and the ventricles. As a matter of 
fact such muscular bridges have been demonstrated post, mortem in some 
WPW cases (Wood, WoLramr k Gkckkdk k (Htlll) and Ojinku, (1915)). 

On the other hand no extra A — V-conncctions were found in other WPW 
cases, and nothing is known about (heir possible occurrence in eases with a 

2 — 48757 Nils Sodcrutrom 
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normal ECG. Several authors assume (Ohnell, Holzmanx) that the WPW 
ECG may he the consequence of acquired myocardial lesions, not ably of the 
ventricular myocardium. It has been suggested that the premature activation 
might in such cases bo mediated by a hyperirritable focus in the ventricular 
wall from which the pre-excitation is released by the mechanical stimulus of 
atrial systole. 

Returning to the views of Uhijjnbkuck, we find that he regards the A- 
wave as an exaggerated Ta wave (positive in leads II and III) which might 
indicate an atrial infarct. Recently v. Bogaert & v. Gexabeek ( 1947 ) 
attempted a similar explanation of the occurrence of WPW ECG's in some 
cases of coronary heart disease. Some other cases have been published durum 
recent years, in which there was a clinical picture of myocardial infarction 
and a typical WPW ECG (Zone & Sachs (1945) Goldbloom & Dumaxis 
(1946)). However it has never been proved that such cases represent more 
than a random coincidence of two not very exceptional conditions. Some 
years ago the present author made a thorough examination (serial sectioning 
of the annulus fibrosus and adjacent atrial and ventricular myocardium) of 
the heart of a case with advanced coronary sclerosis and WPW ECG, without 
finding a trace of “coronary” lesions in the atria (SSderstroji 1946). 


The assumption that a WPW ECG may indicate atrial infarction 
is at present a pure hypothesis; the present author considers further 
discussion of this matter to be of little advantage until atrial in- 
farction has been demonstrated post mortem in such a case. 

In a previous paper (1943) the present author pointed out the 
occurrence of short P-Q-intervals in cases of myocardial (ventri- 
cular) infarct cases in which there was no WPW type of ventricular 
ECG (no A wave). The author had some reason to believe that such 
a shortening of the P-Q interval might be the consequence of atrial 
infarction. A further discussion of this matter is to be found in 


chapter VIII. 

In a case of myocardial infarct observed by Scherf & Siedeck 
(1934) there was a double P-wave and the distance between the two 
P-deflections increased during the course of the disease from 0.24 


to 0.40 sec. Autopsy showed a thrombosis of the left coronary arteR 
before its bifurcation. The authors assumed the case to be one of 


interatrial block caused by an atrial infarct (no atrial infarct has 
however actually noted). Another case of double P-waves after 
myocardial infarction has been published by Miller & Perelmanx 
(1946). They regarded the second P as a positive Ta, indicating 
atrial “coronary” disease. The distance between the two P-de ec 
tions in this case is about 0.06 sec., the present author finds it impro 
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bable that the second deflection should be a Ta, occurring after such 
a short interval. There was no autopsy. Interesting in tins connec- 
tion are the observations of Cokdorblli (1929) who saw inter-atrial 
block develop in dogs after ligation of the interventricular branch 

of the left coronary artery (see p. 31). 

It may finally be mentioned that Spuehler (1938) found an eleva- 
tion of the P-Ta level in the esophageal lead in some cases with coro- 
nary heart disease. The significance of this observation must be 
regarded as rather uncertain. 

It can be generally stated that the observations mentioned in 
which there was no autopsy evidence of atrial lesions, have contri- 
buted but little to the knowledge of ECG- signs in coronary disease 
of the atria. 

c. A discussion of the observations in the literature regarding 

atrial infarction. 

Altogether 60 cases of atrial infarcts have thus been at least men- 
tioned in literature up to the present, 52 right, 10 left and 1 bilateral 
atrial infarcts and 6 cases without specification as to site. Further 
data are available only in 43 of these cases. Not much can 
however be concluded from these observations. Taken together 
with the results of the experimental investigations they do however 
permit some general conclusions to be drawn about our present 
knowledge of atrial infarcts. 

There seem to be good reasons for the assumption of Cushing 
et al., that atrial infarcts are overlooked rather than uncommon. 
These authors attribute the high incidence of atrial infarcts in their 
material exclusively to the fact that they actually searched for atrial 
lesions. It is, however, not quite clear from the study of Cushing 
et al. why atrial infarcts are liable to escape attention. They state 
that “the gross recognition may be difficult” but also that “the gross 
appearance is common to that seen in ventricular infarcts”. The 
gross recognition of ventricular infarcts is, however, not considered 
to be very difficult. 

A closer study of the reports in the literature made the present 
author believe, that in most cases it was not the gross appearance 
of the myocardium that awoke the suspicion of atrial infarction but 
rather some typical complications viz.: 
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1 . Mural thrombosis. This was present in 26 out of the 31 cases 
of Cushing et al. who stressed the importance of mural thrombosis 
as an indicator of atrial infarcts. These authors (legend to fig 3 
in their paper) call attention to a typical dusky purple discoloration 
of infarcted atria. This description (in the present author’s experi- 
ence) must however be said to apply generally to the external appea- 
rance of thrombosed right atria whether there are infarcts in the 
wall or not. 

2 . Rupture of the atrial wall. Although of rare occurrence on the 
whole, it led to the detection of atrial infarcts in 3 of the cases repor- 
ted in the literature. 

3. Subpericardial hemorrhage, which seem to have been the prin- 
cipal gross sign in 3 cases. 

It is easy to understand that such secondary consequences of 
atrial infarcts must attract more attention in routine autopsies 
than possible alterations in the thin atrial myocardium itself. His- 
tological confirmation of the myocardial lesion was evidently regar- 
ded as necessary by Cushing et al. Not all of the other authors 
comment directly on the histological findings in their cases. 

In general little attention has been paid in literature to the his- 
tological picture of atrial infarcts. The present author will return 
to this matter later on in this study. 

Another remarkable fact, that will he left for discussion in another 
chapter (chapter VIII) is the much higher incidence of infarcts in 
the right than in the left atrium. 

A survey of the signs during life (mainly EGG findings) which 
have been regarded in the literature as being related to atrial in- 
farcts, is not very encourageing with regard to the possibility of an 
ante mortem diagnosis. 

Naturally, the attention of several previous authors has been 
concentrated to the Ta-ivaves ( P-Ta intervals) with the expectation 
of finding changes analogous to the well known changes in the T- 
waves (S-T intervals) following ventricular infarcts. It must also 
be admitted that three of the experimental investigations (those 
of Lambert, Abramson et al. and Sanders) all indicate, that typi- 
cal displacements of the P-Ta levels are to be expected in atria 
infarcts. According to these authors a depression of the P-Ta in 
leads II— III was common to atrial lesions of all sites. In left atria 
lesions Abramson et al. and Sanders found in addition an ee\a 
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tion of tlie P-Ta in lead I. Observations of depressed P-Ta : s following 
experimental atrial lesions are also cursorily mentioned by Cox- 
dorelli (1932) and Unghvary (1941). On the other hand Cushing 
et al. found slightly depressed P-Ta levels in only a few of their 
experiments, and do not seem to regard them as significant. It 
is also important to note that the investigations of Abramson et 
al. and Sanders are concerned with direct destruction of the myo- 
cardium, which cannot be directly compared with “coronary atrial 
lesions. It is only the experiments of Lambert and of Cushing 
et al. which really reproduce the effect of impaired coronary blood 
supply to the atria, but their results do not agree. The different re- 
sults may be due to the fact that different experimental animals 
were used in these two investigations. 

Clinical observations corresponding to the experimental findings 
mentioned are scanty and not very convincing. Only in the case 
reported by Langendorf there was a definite depression in the 
P-Ta levels of leads II and III. It has. however, already been men- 
tioned that the findings in this cases were not accepted as significant 
by Cushing ct al. and IIolzmaxn. The elevated P-Ta’s in one of 
the cases reported by Young & Koenig have also been commented 
on earlier in this chapter. The present author feels justified in stating 
that among the 31 cases of atrial infarct hitherto published in which 
ECG’s were available there is not one in which displacements of 
the P-Ta’s can be said to have had any definite significance. 

An atrial analogy to the deep Q wave in the ECG of ventricular 
infarction was noted in some of the experiments of Sanders. No 
ECG s were reproduced by this author to demonstrate the appearance 
of such atrial Qa-waves. The assumed Qa-wave in the ense reported 
by Seiller & IVeissel has already been discussed. 

Definite changes in the atrial ECG analogous with the typical 
signs of ventricular infarcts, can therefore not be common after atrial 
infarction in man. 

It was stated by Cushing et al. that general abnormalities of (he 
auricular mechanism represent the most reliable clue to the diagnosis 
of atrial infarcts. This statement may seem safe, but it must be 
admitted, that the inconstant observation of auricular fibrillation 
or premature beats does not represent a clue of great diagnostic 
value. 

No other clinical signs of interest for the diagnosis of atrial in- 
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farcts have been observed. All cases have been published as autopsy 
cases, consequently little can be said about tbe clinical course and 
the prognosis — with the exception of the three cases of rupture of 
the atrial wall in which the atrial infarct must be regarded as the 
immediate cause of death. 

As a summary of the observations in literature it can thus be 
stated: 

1. That infarcts of the atria of the heart are exceptional findings 
according to most authors but of rather common occurrence accor- 
ding to Cushing et al. 

2. That there is a much higher incidence of infarcts in the wall 
of the right atrium than in that of the left atrium. 

3. That the relative order of size and the morphological picture 
of atrial infarcts are very incompletely known. 

4. That practically nothing is known with certainty about clini- 
cal manifestations of “coronary” lesions in the atrial walls. 


CHAPTER III. 

Material and methods. 

a. Material. 

1. The author’s main material, to be labelled senes A, consists 
of 192 autopsy cases with mural thrombi in the cardiac atria, which 
were examined for the presence of lesions in the heart wall beneath 
the thrombi. Of the cases 86 were obtained from the University 
Institute of Pathology in , Uppsala, 66 from the Departments of Patho- 
logy! Sahlgrenska Sjukhuset, and Vasa sjukhus (Gothenburg), 30 
from the Department of Pathology, S:t Gorans sjukhus (Stockholm), 
6 from the Department of Pathology, Sabbatsbergs sjukhus (Stock- 
holm) and 4 from the University Institute of Pathology in Lunc . 
The material was collected during the years 1944 1948. 

The author personally examined the unprepared hearts of 1- 
cases. The hearts of the remaining 64 cases had been fixed in 10 per 
cent formalin and sent to the author from other pathological ms 

tutes. . ,, 

Histological examination of the thrombi and of the atria w 
beneath them was performed in all cases. The author pai spec < 
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attention to the occurrence of myocardial infarcts, to be regarded 
as the main object of this investigation. Other pathological findings 
were also registered, however, and in addition, due attention was 
paid to the general structure and the development of the thrombi 
themselves. 

A varying number of blocks were taken from the thrombosed 
part of the atria, in many cases blocks were taken also from parts 
of the atria which were free of thrombi. In the first 47 cases blocks 
were always taken from both the right and the left auricular appen- 
dage irrespectively of whether they contained thrombi or not. 

All but 4 cases had before death been treated in the hospitals to 
which are attached the pathological departments mentioned above. 
The clinical findings in the cases were registered from the routine 
hospital records. Special clinical examination for the presence of 
atrial disease had been performed in none of the cases. 

The cases of series A were numbered from 1 to 200. The numbers 
of the autopsy protocols and the hospital records regarding these 
cases have been registered together with the main clinical and post- 
mortem findings in a card-index which will be deposited in Univer- 
sity Institute of Pathology in Uppsala. Some general data regarding 
the material is to be found in tables 6 and 7. Some clinical and 
anatomical data regarding the cases with atrial infarcts have been 
tabulated in table 8. 

2. Some special questions were studied in special materials, which 
will be briefly accounted for here. 

The material of series A proved to be too small and too heteroge- 
nous to form a convenient basis for a discussion of the general fre- 
quency and distribution of atrial thrombi. In order to get a satis- 
factory material for this purpose, the author has registered from 
the routine autopsy records all cases with mural heart thrombi and 
all cases in which heart disease t could be regarded as a main cause 
of death, that had been observed during the years 1930—1945 in 
the University Institute of Pathology in Uppsala. This material 
will be referred to as series B. 

It was, naturally, often difficult to decide if heart disease should 
be regarded as a main cause of death or not and the question had 
often to be decided in a rather arbitrary way. The author regarded 
the clinical picture as decisive if the anatomical findings gave cause 
for doubts. The most important groups of doubtful cases is formed 
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by cases with advanced coronary sclerosis, which had presented do 
conspicuous signs of this disease during life and which had been 
treated during life under various diagnoses such as fractura colli 
femoris, prostatic hypertrophy etc. They were included in the group 
of cases dying in heart disease only if recent myocardial infarcts 
or extensive scars had been registered. Some cases in which the 
immediate cause of death registered was another (viz. cerebral 
accidents, pulmonary embolism etc.) hut the clinical picture of 
which had been dominated by direct signs of heart disease have also 
been registered as dying of heart disease. 

Series B consists of 882 cases with heart disease as a main cause 
of death, collected from a total number of 4998 autopsy records. 
Mural heart thrombi were found in 389 cases, in 14 of these cases 
heart disease was not regarded as a main cause of death. For a closer 
definition of the material the reader is referred to tables 1—5. 

3. In order to find typical changes in the atrial EC6 during the 
course of ventricular infarcts the author has studied the ECG’s from 
268 cases of myocardial (ventricular) infarction which had been treated 
in Alcademiska sjukhuset, Uppsala, during the years 1936— 1947 and 
from 104 such cases treated in the 2nd medical department (Head: 
Professor Gustav Nylin) of Sabbatsbergs sjukhus, Stockholm, during 
the years 1943 — 1946. This study was not very fruitful, and syste- 
matical changes in the atrial ECG of general interest were observed 
only in a few cases. No complete account for the results of this in- 
vestigation will be given in this study. Isolated observations in this 
material ( series C) will however be described in the following chap 


4. In addition to the cases in series A, histological examination 
for atrial infarcts was performed in about 50 cases without mura 
thrombi when other signs justified the suspicion of atrial infarction. 
In 7 of these cases minor lesions were found but only in ° ne case 
sufficiently extensive lesions were present to justify the label atn< 
infarction” according to the definitions in chapter VIII. 

Some smaller, additional materials, which were collected in ot ® 
to elucidate various other questions will be accounted for separa e 5 


in the following chapters. . . 

5. Tbe grouping of the material according to diagnosis m son^ 
of the tables should be commented on here. Most of the cases co ^ 
be classified as belonging to one of three large diagnosis gr° P 
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1. rheumatic heart disease, 2. coronary heart disease and 3. hyperten- 
sive heart disease. The remaining cases were usually placed m a 
fourth group of miscellaneous diagnoses (congenital heart disease, 
chronic “cor pulmonale”, septic myocarditis etc.). The demarca- 
tion between the groups of coronary heart disease and hypertensive 
heart disease is however difficult to define. Most cases of hyper- 
tensive heart disease have also a coronary sclerosis and the fall in 
the blood pressure due to acute myocardial infarction often conceals 
the presence of a hypertensive heart disease. In order not to com- 
plicate matters the author introduced the diagnosis group coronary 
sclerosis-hypertensive heart disease , including all cases of hypertensive 
heart disease with considerable coronary arterial sclerosis, recent 
myocardial infarcts or extensive myocardial scars. The remaining 
cases of hypertensive heart disease without signs of “coronary” 
heart disease form the diagnostic group “(uncomplicated) hyper- 
tensive heart disease”. 

Only cases with rheumatic valvular disease were placed in the 
group of rheumatic heart disease. 


b. Histotechnic remarks. 

The material for histological examination was usually fixed in 
10 per cent formalin and embedded in paraffin. For the material 
to be stained for glycogen absolute alcohol was used as a routine 
fixation fluid. This material was embedded in celloidin and paraffine. 

As a rule sections from at least 2 levels in the same block were 
examined. Serial sectioning was not performed. 

Sections were stained according to Van Gieson in all cases, in 
some cases of series A additional sections were stained with hema- 
toxylin and eosin. In a few cases sections were stained for elastin 
and fibrin (YVeigert’s fibrin stain) and for amyloid (methyl violet). 
Staining for glycogen according to Best was performed in sections 
from 22 cases of series A and in sections of atrial and ventricular 
myocardium from 46 other cases, 9 of which had ventricular infarcts. 
In 39 cases of series A sections were stained for fat with Sudan III. 

Some remarks should be made to the demonstration of glycogen 
m the myocardium according to Best. It is well-known, that this 
staining method is not absolutely specific for glycogen. Some other 
substances (mucin, cartilage, granules of the mast-cells etc.) may 
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also take the same red colour as glycogen. The present author has 
actually seen some examples of “pseudoglycogen” in sections from 
the heart. In these cases a fibrillary substance in the endocardium 
and in the intima of some vessels had taken on a bright, red colour 
It could however not be mistaken for the usually granular glycogen 
which occurs within the muscle fibres. If there is any doubt the 
identy of the substance may be established by means of the saliva 
test (see Romeis), which was performed by the author in some of 
the cases first examined. Otherwise the glycogen is easily identified 
by the effects of the “Alkoholflucht des Glycogens” (Romeis). In 
alcohol-fixed preparations the glycogen has a tendency to accumu- 
late in the parts of the cells most distant from the surface, from which 
the alcohol penetrates into the piece of tissue. In fibres cut trans- 
versely the intracellular glycogen is thus usually distributed in 
crescents with the concavity facing the nearest free surface of the 
preparation (fig. s. 22, 24). 

c. Electrocardiograms. 

Most ECG’s reproduced or referred to in thus study are clinical, 
routine ECG’s taken with an amplifier apparatus for three or four 
simultaneous leads (system Elmquist). Some ECG’s were taken 
with an amplifier apparatus for consecutive leads (Siemens). 

The three conventional extremity leads, and in most cases also 
a chest lead (IVR) were registered. All ECG’s have been calibrated 
to make 1 cm equal to 1 mV. 

The U-P interval was regarded as representing the isoelectric 
level measurements of the amplitudes of the P-waves or the dis- 
placements of the P-Ta intervals. If no reliable U-P interval was 
present (and this was the rule rather than the exception; see p. 36) 
no attempt was made to measure these amplitudes. 

The author has used the term P-Q-interval (or P-Q-time) for the 
time interval between the beginning of the P-wave and the begin 
ning of the ventricular complexes. The term of P-Ta interim or 
P-Ta level has been used to signify the level of the part of the 
interval which is visible before the ventricular complex. 

* 

Statistical data given in this study have been calculated accor 
ding to accepted metods. 
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CHAPTER IV. . 

Some anatomical and functional data regarding the atria 

of the heart. 

This chapter is not intended to give a complete survey of tha ana- 
tomy and the physiology of the atria of the heart. Eor full accounts 
the reader is referred to the current manuals. The author s purpose 
is to point out some facts — for the most part little known which 
are of importance for the understanding of observations discussed 
in the following chapter, and to define some terms to be used in 
this discussion. 

The descriptions are based partly on the statements of other authors and 
partly on observations by the present author. It must be emphasized at this 
point, that the contributions of the present author are not the result of syste- 
matic observations on a substantially normal material, but rather impressions 
formed and gradually confirmed during the study of numerous more or less 
abnormal hearts at autopsy during the last 5 years. In order to elucidate 
particular questions, the author investigated from to time presumably normal 
specimens which were however studied from such varying standpoints that 
they cannot be tabulated. 

a. Some remarks to tlie general anatomy of the atria. 

In general there are obvious analogies in the gross design of the left 
and the right atrium. (Eig. 1.) In. both there is a trabeculated 
part mainly occupying the ventral part of the atrium and furnished 
with an auricular appendage, projecting medially. The terms 
just used will be adopted in the following discussion to avoid the 
somewhat ambiguous conception of “auricle”. In both there is 
also a smoothwalled part mainly occupying the dorsal part of 
the atria and deriving, at least partially, in the right atrium from 
the sinus venosus and in the left atrium from the primordial pulmo- 
nary vein(s). 

Particularly interesting facts from the author’s point of view are 
however to be derived from a study of the difference between the 
right and the left atrium which is particularly conspicuous as regards 
the interior architecture. 

The inner design of the left atrium (Fig.s 1, 2) is rather simple. 
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The trabecula ted part occupies but a small portion of the total wall 
surface, a relation that may be extremely exaggerated in dilated 
specimens. In the left atrium the conceptions of auricular appen- 
dage and trabeculated part are more or less synonymous. The trabe- 
culae cumene are few, coarse and short and arranged to shut off 
along the margins of the appendage a row of rather simple caverns 
with narrow openings into the main atrial lumen. The rows of such 
caverns visible in longitudinal sections of the left auricular appen- 
dage often form a picture suggestive of a snail’s shell. There often 
is no very sharp borderline between the trabeculated and the smooth- 
walled parts of the left, atrium. The inner surface of the smooth- 
walled part is as a rule devoid of peculiar structures of sufficient 
importance for this study to merit a special description. 

The inner structure of the right atrium is more complicated. The 
trabeculated part here occupies at least half the inner surface. The 
auricular appendage is more or less filled up by a spongy mass of 
fine, richly anastomotic trabeculae. Laterally the trabeculae are 
coarser and arranged parallel to one another, forming the typical 
long colonnade of musculi pectinnti (older terminology). Dorsally 
the margins of the trabeculated part converge acutely to form a 
narrow band of trabeculated wall, passing between the orifice of the 
caudal vena cava and the tricuspid ostium, to fade out in the region 
of the orifice of the sinus coronarius (fig. 1). The smooth-walled 
part of the right atrium is thus divided into two parts, one occupying 
most of the dorsal and the septal wall, the sinus part of the atrium, 
and another surrounding the tricuspid ostium and termed by the 
present author the tricuspid infundibulum (fig. 1, 3)- The 
trabeculated part is sharply delimited from the rest of the atrium 
by the ridge of crista tcrminalis, the cranial part of which at least 
is very prominent, and by the cranial border of the tricuspid infundi 
bulum. Medially there is a more diffuse transition to the smoot i 
aortic wall of the right atrium. 

There exists furthermore in the right atrium a very peculiar sj-tefi) 
of recesses, which is important for the distribution of mural throm i. 
In this study these recesses will be referred to as auricular snl ’' s 
They are filled out with the same spongy trabecular masses as >e 
right auricular appendage, and may be regarded as continuation 
of the sinuous lumen of the auricular appendage, within the tea s 
the main part of the atrium (fig.s 3, 4, 5, 6). The most hupor , 
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of these auricular sinuses undermines the tricuspid infundibulum 
and occupies (in sections perpendicular to anulus fibrosus) a trian- 
gular space between the tricuspid infundibulum, the coronary groove 
and the external wall of the atrium (fig. 3). This auricular sinus may 
form an uninterrupted recess from the auricular appendage, along 
the coronary groove to the orifice of sinus coronarius. Dorsally 
it may attain considerable dimensions, forming a projection on the 
external contour of the atrium (subeustachian sinus (Keith) auri- 
cula posterior (His)). A similar auricular sinus undermines crista 
terminalis to a varying distance laterally from the auricular appen- 
dage. It widens medially to form a large recess, attached to the 
ventral wall of vena cava cranialis. This recess, which is a frequent 
site of mural thrombi, will be called in this study antrum atrii 
dextri (fig. 4 A). 

The lumen of the auricular sinus consists of a complex system 
of intertrabeeular spaces, which are normally extremely narrow 
and easily overlooked (fig. 5). When filled out with thrombus sub- 
stance, however, they are very plainly visible (fig. 6). The microsco- 
pical picture may be very similar to that of the “spongy” myocar- 
dium of fetal hearts. The auricular sinuses open into the main lumen 
between the pectinate muscles. 

It may be mentioned that the extension of the auricular sinus 
may vary within wide limits. The subeustachian sinus of Keith 
often forms an independent recess, not continuous with the other 
sinus systems. 

Some other anatomical facts may be briefly mentioned. 

The endocardium of the left atrium, and of the smooth-walled part 
of the right atrium is rather thick, containing several elastic lamels 
and a more or less conspicuous layer of smooth muscle cells. The 
normal endocardium of the left atrium has been studied by several 
authors bute specially by Gross (1935), who states, that the endo- 
cardium is thicker and the smooth muscle layer more conspicuous 
in aged subjects. 

In the trabeculated part of the right atrium the endocardium is 
extremely thin (5—20 y) and consists only of the endothelial layer 
seemingly placed directly on the perimysial connective tissue of the 
myocardium. 

The myocardium in the smooth-walled parts of the atria forms 
a simple muscular layer, about 1-3 mm thick. It seems to be more 



30 


massive in some places, e. g. the interatrial septum and the so called 
Torus Loweri (a myocardial ridge, not very prominent in human 
hearts, passing from the mid part of the crista terminalis to the 
region of sinus coronarius. It is important as a short communica- 
ting path between the sinus and the A-Y nodes). Histologically 
these thicker parts of the atrial wall usually consist of rather scanty 
myocardial fibres embedded in fat tissue. 

In the trabeculated parts of the atria no figures can be given for 
the thickness of the atrial wall. Specially in the right atrium there 
is in some places no myocardial tissue between the endocardium 
and the pericardium. The thickness of the trabeculae varies within 
wide limits. With the exception of the more massive structure of 
the crista terminalis it is difficult — even in the case of hypertrophy 
— to find a spot in the trabeculated atrial wall more distant from 
the nearest endocardial or pericardial surface than 1 mm. 

b. The nutrition of the atrial walls. 

Thorough studies of the atrial arteries are to be found in the works 
of Gross (1921), Craixiciaxu (1922) and Spalteholz (1924). The 
conformity between the statements of the different authors is in 
most respects fairly good. In this survey the author will follow the 
description of Spalteholz. 

Spalteholz describes 3 main atrial branches from the right coro- 
nary artery and 3 from the circumflex branch of the left coronary 
artery. The branches from the right coronary artery have been 
called by Spalteholz ramus atrialis dexter anterior, intermedins 
and posterior, the ones from the left coronary artery ramus atrialis 
sinister anterior, intermedius and posterior. It may he mentioned 
that the symmetrical pair of anterior (ventral) branches rvhich as 
a rule are important originate from early segments of the mam 
coronary arteries. A description of the other branches is of little 
purpose as their relative order of size and their nutrition regions maj 
vary within very wide limits. In general it seems to he true, that 
the right atrium is nourished from the right coronary and the le t 
atrium from the left coronary, but there are numerous exceptions 
to this rule. According to most authors, that region of the rig 
atrium, which surrounds the orifice of the vena cava cranialis, is m 
particular nourished from the left coronary artery in a considera 
number of cases. 
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The region mentioned has indeed been the object of much discus- 
sion in regard to its arterial blood supply. Keith & Flack (1907) 
being especially interested in the very constant artery of the sinus 
node, argued for the constant existence in this region of an arterial 
circle receiving its blood from both the right and the left coronary 
artery. The investigations of Gross and Spalteholz were not in 
favour of this assumption. Spalteholz found a complete arterial 
circle in only 6 cases out of 18 and only in one of them was the circle 
formed by branches from both the right and the left coronary artery. 

Special interest has been devoted by different authors to some individual 
atrial arteries of remarkable constancy. The artery of the sinus node has 
already been mentioned. It seems to be identical with (or sometimes a branch 
from) the ramus cristae terminalis of Spalteholz, which has a very constant 
course along the cranial half of the sulcus terminalis. This artery may origi- 
nate from almost any one of the atrial branches mentioned. Spalteholz re- 
gards it as a remnant of an incomplete arterial ring, present in the “coronary” 
groove between the sinus venous and the atrium proper in some lower verte- 
brates. A similar role is assigned by this author to a “transverse artery of 
the left atrium”, passing along the Taenia terminalis sinistra of Keith to the 
region of vena cava cranialis and carrying, in most instances, the supply of 
blood from the left coronary to this region. Finally Kuoel (1927) describes 
an artery under the name of arteria auricularis anastomoticans inagna which 
takes its origin from the first segment of the left coronary (from the ramus 
atrialis sinister anterior?) and passes backwards through the atrial septum, 
to anastomose in the dorsal wall with branches from the right coronary. Pos- 
sibly this artery corresponds to the arteria interauriculnris reenrrens described 
by Condorelli (1928) in the heart of the dog. Coxdorelli ascribes to the 
existence of this artery the appearance of inter-atrial block after ligation of 
the ramus interventricularis of the left coronary in his experiments. 

Spalteholz states that in bis material interartorial anastomoses 
were common in the left but exceptional in the right atrium. He 
regards this fact as rather xmexpected in view of his experience of 
anastomoses in the ventricular walls. 

The observations on the branches of won-coronary arteries taking 
part in the arterial supply of the atria are of special interest. Koch 
(1909) and Belou (1934) have seen the sinus artery in human hearts 
originate from the left bronchial artery and in 3 of his cases Spalte- 
holz observed rather important extracoronary branches ramifying 
m the atrial walls. In their attempts to stop the blood supply to the 
sinus node in dogs, Rothberger & Scherf were often inconveni- 
enced by such extracoronary branches. Finally it was observed 
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by Wearn et al. (1932) using injected preparations that normally 
numerous and sometimes rather large anastomoses to extraeorouarv 
artery systems are regularly present in the walls of the venae cavae 
and venae pulmonales. 

The atrial veins and especially the so called venae minimae (Thc- 
besii) deserve a special discussion because of their possible impor- 
tance for a “retrograde” supply of blood to the myocardium when 
the coronary arteries have become occluded. Numerous small venous 
vessels are known to open into the lumen especially of the right 
atrium. Some authors maintain, that there is an essential difference 
between the more differentiated coronary veins and the more simply 
structured venae minimae (or vasa minima to use the term sugges- 
ted by Batson and Bellet (1930)), both opening directly to the 
heart lumen. A short survey of the development of the myocardial 
vessels during fetal life may contribute to the understanding of 
these relations. 

In early embryonal stages, the myocardial wall of the whole heart 
has a spongy appearance and is penetrated throughout by a system 
of irregular spaces and channels communicating with the main lumen. 
In these stages the myocardium must be nourished by a “sinusoidal 
circulation” (Lewis (1904)) through these cavities. The sinusoidal 
system disappears gradually during fetal life and its functions are 
taken over by the developing coronary arteries and veins. Accor- 
ding to Grant (1926) the regressing sinusoidal vessels are joined 
by the ingrowing coronary arteries and veins; some oj them remain 
as venae minimae. 

It has been shown, that in adults venae minimae may communi- 
cate with capillary nets (Grant & VlKO (1929)), with coronary veins 
(Thebesius (1708)) and with coronary arteries (Abernathy 1798). 
The last type of connections have been studied especially by B eaRY 
and his collaborators. Wearn, Mettier, Iylumpp & Ziesche (1933) 
saw arteries of up to a diameter of 0.4 mm open directly into the 

lumen of the heart. . 

The venous drainage of the right atrium seems to be perforate 
through short venous channels directly to the lumen of this c am 
ber. It was pointed out by Geraudel (cit. after Blair and Das is 
that no large vein can be seen to follow the sinus artery. In ^ e 
present author’s opinion the same can be said about man> 0 
arteries in the right atrium, in which myocardial veins axe not mime 
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rous and i{ present, arc difficult to differentiate from narrow inter- 
trabecular spaces with endocardial covering. Larger veins m the 
right atrium have been described by some authors but seem not to 
be very constant. 

The veinous drainage from the left auricle is very incompletely 
studied, probably it is mainly directed to the sinus coronarius (the 
vena obliqua atrii sinistri Marshall! is a well-known vessel drai- 
ning in this direction). Even Thkhksius stated that vessels opening 
directly to the lumen were more scanty in the lett than in the right 
atrium and in the perfusion experiments of Lkndrum, Koxdo & Katz 
only an insignificant amount of fluid found its way to the left atrium. 

It, is a very old theory, that the nutrition of the myocardium, after 
the occlusion of a coronary artery, could be maintained by means 
of a “retrograde" circulation through vessels (venae coronariac. 
venae minimae), which open directly into the lumen of the heart. 
The discussion in the literature has mainly been concerned with the 
question of whether the myocardium of the left ventricle could be 
nourished in this way. There are important- reasons for not- accep- 
ting this possibility; few venae minimae open directly into the lumen 
of the left ventricle, and during life the systolic pressure within the 
left ventricle is too high to permit a perfusion with blood from the 
right heart (see Batson & Bkli.kt, ’NViggers). 

The situation is certainly quite different in the walls of the atria. 
Even disregarding the possibility of a “retrograde" circulation, 
nutrition directly from the lumen may be of importance for the thin 
atrial walls. It may be quite impossible to differentiate in microsco- 
pical sections venae minimae from the fine intertrahecular spaces 
which are abundantly present in the auricular appendage or the 
auricular sinuses. It is however not more difficult to imagine the 
mechanism of blood supply to the myocardium by the one than by 
the other of these channels. It may be a simple to and fro move- 
ment of the blood, comparable with the mechanism probably present 
in the fetal heart. 

Thus one can certainly assume that the atrial walls, as compared 
with the ventricular walls, are in a rather favourable position with 
respect to the chances of alternative blood supply, either by means 
of interarterial anastomoses along the large veins (venae cavac or 
venae pulmonales) or by means of nourishment directly from the 
lumen of the heart. 

3 — *IS7f)7 Nils »S 'ddersirom 
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c. The specific nodes and the normal atrial EGG 

The general topography of the specific nodes in the wall of the 
right atrium is too well known to need a special description here. 

It may be mentioned, that in the present author’s experience, the 
sinus node presents a very typical histological picture. The author 
consciously tried to make sections of the right atrial wall to pass 
through the sinus node, in order to facilitate orientation in the slides. 
The easy recognition of the sinus node depends essentially on the 
typical combination of certain formal elements: the strong sinus 
artery, surrounded by the dense fibrous tissue of the node as by an 
enormous adventitia, in which a high power scrutiny reveals the 
slender, tortuous fibres of the nodal myocardium. If some element, 
e. g. the sinus artery, was lacking in its proper place, the author was 
always in doubt as to whether a suspect tissue was really to be regar- 
ded as belonging to the sinus node. When the sinus fibres were lea- 
ving the node to ramify between the ordinary myocardial fibres the 
author was able to recognize them only as long as the continuity 
with the parent tissues in the node was not broken. 

The A- V node was searched for in this study only in a restricted 
number of cases. A structure corresponding to the A-Y-bundle was 
usually found, but tbe author was never able to find any distinct 
formation corresponding to the current conception of the A-V node. 

The author’s experience thus agrees with the opinions of Moncke- 
berg, Mahaim, Todd and other authors, when they regard the spe- 
cific myocardial fibres in the human heart as at least very difficult 
to differentiate morphologically from ordinary fibres. The specific 
nets of Purkinje-cells recognized by morphological studies in human 
atria by some authors (Thorel, Tandler and others) are certainly 
to be judged with great caution. 

The current conception of the activation mechanism within the 
atria also still seems to be in accordance with the theories of Levis. 
This means, that the impulse, starting in the sinus node, is diffused 
through the atrial walls, by means of common myocardial fibres. 
Authors libe Rothbergee & Scherf and Condorelli (1929) when 
speaking about conduction pathways in the atria, obviously di 
not regard them as specific structures, but rather as possible pati 
ways in ordinary myocardium, preferred because of tbeir shortness. 

Because of the position of the sinus node there must he an actn a 



1,ion of exclusively right atrial structures during a short period in 
1,|, c beginning of id, rial systole. The exact duration of this period in 
man in not known. It is further known, that the left auricular appen- 
dage in the hint part of the atria to he activated. According to Horn- 
nmwinn (1020), Lapkku and othera the activation of the left auri- 
cular appendage is completed 0,01-- 0.00 nee. after that of the right 
auricular appendage. During the rent of the atrial systole right, and 
left atrial structures are activated simultaneously. Then*, in thus 
little reason for speaking about an interatrial conduction time, Vor 
the rest little in known about the time relations of atrial systole. 
The part of the left atrium reached by the esophageal electrodes in 
activated 0,02- 0.00 sec. after the first signs are seen of right atrial 
activity, the period of purely right atrial activity is probably some- 
what shorter. 

The. atrial cl ret r oe,a nl iopra in has the same two main constituents 
as the, ventricular one, The P-wave represents the initial complex 
and there are equivalents for the S-T-interval and the T-wave, 
commonly termed in the atrial KCG the P-J'a interval and the 
T a -wave. 

The 1 ’-waves of the limb leads differ from the ventricular initial 
complexes in their lower amplitudes and their slow curves of in- 
crease, and regression. These differences are, usually attributed to 
the smaller quantity of active, myocardium and to the lack of a spe- 
cial conductive system in the walls of the. atria. 

The figures given by different, authors for the normal duration of 
the. P-waves are somewhat, varying. The figures of Lki’KSoiuu.v are 
0.08 — 0. 12 sec. As a rule the P-waves are shorter and begin later 
in lead 1 than in leads fl and III, Home authors assume that the P- 
wave of lead f corresponds to tin; activity of the left, atrium (Lkimckcii- 
KIK, § 1U8). There is at least some reason to believe, that potentials 
from the right, atrium are poorly represented in lead I. 

The P-waves are normally positive in leads 1 and II; in lead III 
they are sometimes invisible, diphasic or negative. According to 
Lmifloiiicm the mean amplitude, of the, P-waves in lead I is 0,07 mV, 
in lead If 0.14 mV and in lead f If 0.00 mV. The extreme values for 
the amplitudes of the P-waves in normal eases are, according to the 
same author, -I 0.5 mV (in lead .11) and - 0.44 mV (in lead 111). Such 
extreme values are certainly seldom seen, but it, is important, to state, 
that the amplitudes of the P-waves may vary considerably also in 
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normal cases, in particular under the influence of the autonomic 
nerve system (Nobdenfblt 1941, 1940). Similar experiences have 
been reported by several other authors. It is at any rate certainly 
true, that changes in the amplitudes of the P- waves may only with 
great caution be evaluated as signs of atrial myocardial disease. 

The same can be said of the Ta-ivave and the P-Ta interval. It is 
only possible to observe this part of the atrial EGG in its entirety 
in cases of A-V block. In such cases it can be seen to be represented 
(in the limb leads) by a single, very shallow, negative deflection 
(sometimes no deflection at all is present). It is important to note 
that the duration of the P-Ta interval is approximately of the same 
order of size as that of the Q-T interval, according to MauistrSm 
between 0.14 and 0.32 sec. in cases with absolute A-V block. This 
means that normally only a short initial segment of the P-Ta pattern 
can be observed (between P and Q), the rest being hidden in the 
ventricular complex. 

According to most authors this normally visible part of the P-Ta 
interval is also as a rule negative. Holzmann and Lepeschiun state, 
that its potential is generally opposite to that of the P-wave. 
In a normal material Shipley & Hallaran found, that the P-Ta 
level was usually isoelectrical in lead I and negative in leads II and 
III. In the limb leads the deviation from the isoelectric line is sel- 
dom conspicious, but definite figures for its normal variation are as 
yet lacking. According to Hahn & Laxgendorf a depression 
exceeding 0.05 mV' in rest and 0.1 mV after exercise is to be regarded 
as abnormal. Appreciable elevations of the P-Ta level are probably 
to be regarded as pathological if the P-waves are positive (IIolz- 
maxn). 

The present author studied the visible part of the P — Ta interval in 500 
non selected ECGs from this clinic: 250 ECGs from patients aged between 20 
and 32 years, 250 ECGs from patients aged between 61 and 69 years. Heart 
disease was probably present in most of these cases at least in the higher age 
group. The following observations were made: 

1. In such routine ECG’s it proved impossible to evaluate with any degree 
of accuracy P — Ta displacements not attaining the value of 0.05 mV. Con- 
sequently only displacements reaching or exceeding 0.05 mV were registere . 

2. Apparent depressions of the P — Ta were noted in 105/250 ECGs wit an 

the older age group and in 145/250 ECGs within the younger age group, c 
pressions were most often seen in leads II and III or in the chest lead ( , 

Depressed P — Ta’s in lead I were observed in only 2 cases. Elevated P— a 6 
were observed in 6 ECG’s, all in lead I and all occurring in the older age group. 
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Fig. 7. Consecutive ECG’s from a patient without manifest heart disease. 
Apparent depression of the P-Ta’s of leads II and ITT in II, probably due to 
an elevntion of the T-P intervals by an U-wave (distinctly visible in A). 


P — Ta depressions were about ns common in otherwise normal ECG s ns in 
pathological ones, elevated P — Tn’s were found only in definitely pathological 
ECGs. 

3. A closer scrutiny showed however, that in most- cases the P — Tn depres- 
sions were possibly only apparent and due to the presence in the T — P inter- 
val of a more or less distinct, positive U-wave. This low deflection has n con- 
siderable duration — the author found the mean duration in IDS ECGs to be 
0.193 ± 0.027 sec. T — P intervals shorter than 0.25 sec. (heart, rates above 
85/min. npproximntively) arc thus often completely occupied by an U-wave. 
which may be rather difficult to discern. At any rate its presence can seldom 
be excluded witli certainty. Xo correct isoelectric level can be established in 
such cases, but one is easily misled into constructing false isoelectric levels 
through the flat tops of the U-wavcs or through the depressions between T 
and U. In both coses the l 1 — Ta may seem depressed. Among the 250 ECG’s, 
in which P — Ta depressions were observed, they could be related to a reliable 
isoelcctrical level in only 13 cases. In all other cases the T — P distance was 
less than 0.25 sec, and more or less obviously occupied by an U-wnve. In some 
cases the combinations a) slow heart rate — distinct U-wnves — isoelectric 
P — Ta’s and b) accelerated heart rate — indistinct. U-wnves — depressed 
P Pa’s were seen to alternate repeatedly in consecutive ECGs from the same 
case (fig.s 7, 8). 

1'inally, in all the cases with apparent elevation of the P — Tn in lend I the 
explanation proved to be the presence of an negative U-wave of the type 
usually following deeply negative T-waves in this lead. 

These observations regarding the P-Ta level have made the author 
agree with TIolzmann (though for other reasons), when he states, 
that only extreme displacements of the P-Ta level can he discussed 
as possible indications of ''coronary” atrial lesions. 
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The trabeculated part occupies a much larger portion of the inner 
surface of the right than of the left atrium. 

The trabecular branchery of the right auricular appendage has a 
finer and more complex structure than that of the left auricular 
appendage. The lumen of the right auricular appendage thus may 
be characterized as having a “spongy” structure. The same “spongy” 
branchery of trabeculae is filling up also some long recesses (auri- 
cular sinuses), which form continuations of the lumen of the auri- 
cular appendage within the walls of the main part of the atrium. 

The right atrium is mainly nourished by branches of the right 
coronary, the left atrium in a corresponding way by branches from 
the left coronary. Intercoronary anastomoses exist in the atrial 
walls. Extracoronary arteries have often been observed to take part 
in the nutrition of the atrial walls. It may be assumed that the possi- 
bility of a nutrition by means of such extra-coronaiy arteries is of 
greater importance for the atrial than for the ventricular walls. 

Nutrition directly from the lumen blood may be of considerable 
importance for the thin atrial walls. The numerous intertrnbecular 
spaces, vasa minima and short coronary veins present; at least in 
the right atrium, mean a considerable augmentation of the surface 
of contact, through which this nourishment (diffusion of oxygen 
etc.) can take place. 

The deflections of the atrial ECG in the clinical standard leads 
are small, variable and difficult to measure with certainty. Changes 
in such routine ECGs indicating atrial infarction cannot be expected 
to be of striking dimensions and are to be judged with great caution 
because of the many sources of error present. 


CHAPTER V. 

Mural thrombosis in the atria of the heart. 


The author’s interest in atrial mural thrombi was based on the 
assumption, that they possibly indicate lesions in the atrial wall. 
It is, however, not generally accepted that wall lesions really repre- 
sent important causes for the formation of thrombi in the atria. The 
author thus feels justified in devoting this chapter to a general survey 
of the etiology and development of such thrombi. 
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Factors responsible for the formation of intra-vital clots are con- 
ventionally divided into 3 main groups, viz. 1. lesions of the vascular 
wall, 2. circulatory factors (mainly to be identified with a stagna- 
tion of the blood) and 3. chemical and morphological changes in the 
blood, causing an increased tendency for clotting. 

Factors belonging to group 3. will be left aside as of little interest 
for the main scope of the present study. It may be assumed that 
such factors are not often of decisive importance for the local for- 
mation of thrombi in the heart. 

The author’s attention will instead be concentrated on factors be- 
longing to group 1. In cases of heart disease such factors are however 
often difficult to isolate from factors belonging to group 2. This 
very question, whether wall lesions or stagnation factors are the deci- 
sive causes for the formation of atrial thrombi, must however be a 
central matter for discussion in this chapter. 

The morphological observations described in this chapter (section 
b.) were made in the cases of series A. This series is, however, 
rather heterogenous and cannot be related to a common autopsy 
material. The discussion regarding the frequency of atrial mural 
thrombi (in the sections a. and c. of this chapter) will consequently 
instead be based on figures derived from series B. 


a. General conditions for the formation of mural 
heart thrombi. 

Atrial and ventricular mural thrombi are essentially analogous 
formations, and it may be assumed, that they have at least some 
etiological factors in common. The etiology of most ventricular 
thrombi is a less complicated matter than that of atrial thrombi. 
Some preliminary viewpoints of interest might thus be expected 
from a comparison between atrial and ventricular thrombi with 
respect to frequency and distribution. 

Statistical studies of the frequency of mural heart thrombi have 
previously been published by Harvey & Levine and by Garvin. 
Figures from these papers have been tabulated in table 1 together 
with corresponding figures from the present author’s series B. Briefly, 
it can be concluded from these figures, that mural thrombi are com- 
mon in the left ventricle and the right atrium and somewhat less 
common in the left atrium and the right ventricle. The only striking 
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Table 1. Figures illustrating the frequency and distribution of mural 
heart thrombi. The figures are taken from the studies of Harvey & 
Levine (H. L.), Garvin (G.) and from series B in the present study (S.). 
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Cases with thrombi in tho right atrium — ltA, in t)ie left atrium — LA, in the right 
ventricle = RV and in the left ventricle — LV. Total number of cases with heart 
thrombi CT. Number of cases dying of heart disease in the autopsy materials = 
HD. Total number of autopsies = TA. 


difference between the three series regards the left atrial thrombi, 
which have been observed much more frequently in the present 
authors series than in the materials of the american authors. To 
explain this difference, the present author will point out the fact, 
that rheumatic heart disease was registered in 4.4 per cent of all 
autopsy cases in series B but only in 1 .8 per cent of the autopsy 
cases in the material of Garvin. The frequent occurence of left 
atrial thrombi in cases with rheumatic heart disease will be commen- 
ted on later. 


The figures for the general frequency of thrombi in the atria and 
the ventricles may be said to be of roughly the same magnitude, 
The conditions for the formation of thrombi in the atria and in the 
ventricles are however generally imagined to be rather different. 

The blood stream passing through the ventricular cavities is so 
rapid and powerful that there seems a priori to be little reason for 
reckoning with stagnation factors as important for the formation 
of ventricular thrombi. 


In the atria the conditions are somewhat different. Considerable 
parts of the atrial lumen are apparently placed at the side of the 
mam stream of blood. Especially in dilated atria the auricular appen- 
dages may seem to represent backwaters with possibly stagnant 
contents. 

It may be that autopsy specimens are prone to provoke an exaffie- 
. ted idea of the degree of stagnation within the auricular appendages. 

during 1 n"f I>r ° baWy ° ,fc0t " rntlK!r vi ™ 1 change of blood 
duimg life. But many cases had during long periods before death 
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auricular fibrillation, in practice identifiable to a paralysis of the 
atrial walls. 1 u ' 

One may thus assume, that stagnation factors are of greater im- 
portance for the formation of thrombi in the atria than in the ven- 
tricles. It must however not be forgotten that this conception of 
stagnation is a relative one, derived from a comparison between the 
atria and the ventricles. The activity of the ventricles will certainly 
provide for a rather vivid exchange of blood also in fibrillating atria. 
The stagnation theory of thxombogenesis was originally applied to 
the formation of thrombi in tlie peripheral veins. If the atria were 
compared with the peripheral veins it should probably seem out of 
place to speak of the atria as predilection sites of stagnation thrombi. 

It is at any rate a widely spread opinion that atrial thrombi might 
be mainly stagnation thrombi. “Auricular thrombi” have even been 
referred to as typical examples of this mode of thxombogenesis 
(Robertson and other authors). 


* 


It can be regarded as generally accepted, that most ventricular 
thrombi arc caused by gross wall lesions , usually ventricular injards. 
The close relation between ventricular infarction and ventricular 
mural thrombosis is immediately evident from table 2, showing 
that in series B ventricular infarcts bad actually been registered 
in 103 out of 193 cases of ventricular thrombosis (53.4 per cent). 
Coronary heart disease, with or without registered infarcts (the diag- 
nosis group “coronary sclerosis-hypertensive heart disease” — see 
p. 25) was the main diagnosis in 73.7 per cent of the cases with 
ventricular thrombi. The predominance of this etiological factoT 
is directly reflected in the distribution of the thrombi between the 
left and the right ventricle (table 1) which is roughly parallel to the 
one of ventricular infarcts. 

The remaining cases form a heterogenous group with respect to 
diagnosis and in most of them little can be said about the causes 
for the formation of ventricular thrombi. It is worth mentioning 
that only 3 cases with ventricular thrombi had uncomplicated rheum 
tic heart disease. The presence of rheumatic heart disease was regis 
tered in another 11 cases. Of these cases 9 had extensive ventricular 
infarcts and the 2 other cases had severe coronary sclerosis but no 
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Table 2. Distribution of the eases of series B. Site of thrombi and 
main diagnosis. 
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R = right, R + L »> right and left, L ” left. 

VMI ~ cases with recent myocardial (ventricular) infarcts 

Cscl + Hpt = cases belonging to the diagnostic group “coronary sclerixw — hyper- 
tensive henrt disease” (see p. 25). without recent infarcts. 

Hpt — cases with only hypertensive henrt (license. 

R — cases with rheumatic heart disease. Cases which had in Addition myocardial 
infarcts have been placed in group VMI (ten cases with mural heart thrombi). 
Cases with bacterial valvular endocarditis have been placed in group t). 

O = cn=es with other henrt disease or difficult to place in one of the other groups. 
Nine ca«es with mural heart thrombi, in which aipis of henrt disease lmd not been 
registered have not been included in this tnble. 


registered infarcts. Finally there were 5 cases with a bacterial val- 
vular endocarditis and ventricular mural thrombi, more or less 
directly continuous with the valvular vegetations. They have been 
included in the group '‘other heart diseases”. 

Lesions in the walls of the atria, comparable with the ones causing 
ventricular thrombi, are on the whole little known. To the author’s 
knowledge, the only study which has hitherto been devoted to the 
question of wall lesions as a cause of atrial thrombi is that of Quaff, 
Berger, Bunim & be la Chapelle. These authors studied cases 
with rheumatic heart disease and they found signs of rheumatic 

activity m the atrial wall beneath 10 out of 24 thrombi in the left. 
atrium. ' 

It is evident from table 2, that cases with rheumatic heart dis- 
ease (forming a negligible group among the cases with ventricular 
hrombi) constitute a large diagnosis group among the cases with 
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atrial thrombi. It is an old experience that cases of mitral stenosis 
are often complicated with atrial thrombosis, particularly in the 
dilated left atrium. This fact has been used as an argument f 0r 
the assumption that atrial thrombi are stagnation thrombi. The 
observations of Graef et al. illustrate the complex character of 
this question. 

Coronary heart disease form however the largest diagnosis group 
also among the cases with atrial thrombi (in series B). If the cases 
with rheumatic heart disease are eliminated from this series a very 
marked preponderance of right atrial thrombi becomes evident. 
It has been mentioned (chapter II) that infarcts are more common 
in the right than in the left atrium. With the analogous incidence 
in the ventricles in view it is tempting to conclude, that myocardial 
infarction may be the chief cause of atrial thrombi too, at least in 
non-rheumatic cases. 

* 

The author concludes, that stagnation factors may be important 
among the causes for atrial thrombosis. Their importance should 
however not be overestimated. There is reason to believe that wall 
lesions, similar to the ones causing ventricular thrombi, are decisive 
also for the formation of atrial thrombi. 

Direct morphological observations in the present author's series 
A will furnish the facts necessary for a further discussion of the 
matter. 


b. Structural types of atrial mural thrombi. Frequency and 
types of wall lesion found beneath them. 

In current textbooks little interest is devoted to the structure of 
mural heart thrombi. The most detailed account known to the pre- 
sent author, is the one given by Ribbert in the manual of Henke - 
Lubarsch (1924). Briefly, the structure of recent heart thrombi 
does not differ from the one usually found in primary thrombi 
of other sites. They consist of a skeleton of tkrombocytic lames 
with red (erythrocytic) thrombus mass between them. Varying 
proportions between these two main constituents account for som 
of the differences in the gross appearance of the thrombi. 

The present author has successively learnt to distingms some 
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general development types of atrial thrombi, which reflect in a cha- 
racteristic way the different formation conditions for thrombi in 
different parts of the atria. These types are no absolute entities, 
transitional types occur and are common, but the main types are 
still commoner and easy to recognize. The author will base the fol- 
lowing surve 5 r on a description of these types. 

The main types of wall lesion found beneath the thrombi will 
in this chapter simply be registered as occurring or not occurring. 
They will be described in detail in chapters VI and VII. Here it 
must however be mentioned that only reasonably extensive and well- 
defined lesions have been accepted as possible causes for the forma- 
tion of mural thrombi. No attention lias been paid to diffuse or 
minor lesions (endocardial thickening or scarring, scattered myo- 
cardial round cell foci or perivascular scarring in the myocardium, 
diffuse interstitial fibroses, to mention some examples) which may 
be observed in most cases dying of heart disease. Whether the lesion 
could be accepted as important or not had to lie decided in a rather 
arbitrary way. Actually the decision was, as a rule, not very diffi- 
cult to make. 

It is most, convenient to begin with a description of the types of 
thrombi occurring in the 


Left Atrium. 

1. The term recess thrombi will in this study be used for a 
characteristic type of thrombi occurring in the trabecula ted part 
of the left atrium. Such thrombi are isolated, more or less smoothly 
rounded formations, lodging within the marginal or apical caverns 
of the auricular appendage. They are sometimes apparently not 
at all fixed to the wall, but too big to pass out through the narrow 
opening of the cavern, otherwise the attachcmcnt surface is usually 
small, sometimes represented by a tiny stalk. Consequently recess 
thrombi are easily lost or dislodged when the left auricular appen- 
dage is opened in autopsy. 

Because of the defective contact with the heart wall the organiza- 
tion of recess thrombi has often to begin in a very restricted spot 
and the author lias often seen histological pictures, suggesting that 
the organization of recess thrombi may be a very slow process. The 
ultimate result may be that of stalked fibrous “polypi”, but the 
author must state, that most completely organized thrombi observed 
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in the left auricular appendage were attached rather broadly to th 

Most recent recess thrombi seem to have little to do with tie 
walls of the recess holes in which they lodge, and their general 
appearance cannot be said to . suggest wall lesions as important 
causal factors. 

As a matter of fact significant wall lesions were seldom found 
in the atrial walls adjacent to recess thrombi. Thrombi within the 
left auricular appendage were present in 71 cases of series A. More 
or less extensive infarcts (or “minor lesions”, see p. 70) were present 
in 3 of them and a mural endocarditis in another 3 cases. There was 
one case with a diffuse vacuolar degeneration of the myocardium of 
uncertain etiology. In the remaining cases no or inconspicuous wall 
lesions were found. 

It may be mentioned that rather varying diagnoses were repre- 
sented among the cases with recess thrombi. Rheumatic heart dis- 
ease was the main diagnosis in 29 cases and 26 cases belonged to the 
coronary sclerosis-hypertension diagnostic group, 13 of which had 
acute ventricular infarcts. Miscellaneous diagnoses or coinciding 
rheumatic and coronary heart disease were registered in the remain- 
ing cases. 

2. The term surface thrombi of the left atrium will be used 
for a quite different type of thrombi. 

Surface thrombi are usually large, flat formations, broadly and 
firmly attached to the endocardium in the smoothwalled part of the 
atrium. At any rate, they attain their typical appearance only in 
this part of the atrium. 

The author has never seen a quite recent thrombus in this part 
of the heart. It must be assumed, that the development of surface 
thrombi usually begins at least several weeks before death. Some of 
them are probably very old formations, representing a chronic type 
of heart thrombosis. They have usually a rather uniform general 
structure corresponding more or less completely to the foil on mg 

description. (See figs. 10, 11, 12.) 

A thick layer of dense, fibrous tissue is regularly found close to 
the endocardium. It probably represents the completely organize 
bases of an old thrombus. It may be mistaken for a sclerosed en o 
cardium, but as a rule the original endocardium may be distinguis e 
from the fibrous bases of the thrombus by means of its inner e as 
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membrane and by the fact that it always contains smooth muscle 
cells. 

The marginal regions of surface thrombi are as a rule completely 
organized; no remnants of the original thrombus substance are left 
and the lumen surface may be quite smooth and similar to normal 
endocardium. 

Instead the central parts of such thrombi are usually incompletely 
organized, and the fibrous basis is most often covered by hyaline 
remnants of the original thrombus substance. Such hyaline thrombus 
substance may be present in several layers, probably of different age. 
It should directly face the lumen — as a central “ulcer” of the sur- 
face thrombus — were it not regularly covered by recent vegetations 
of mainly thrombocytic thrombi. There is usually a very distinct 
demarcation between old and recent thrombus substance at this 
level. Such recent vegetations have obviously little chance of getting 
organized from the acellular surface, on which they develop, conse- 
quently they do not become firmly adherent and are easily dislodged. 

There is an obvious similarity between the structure of surface 
thrombi and the structure of callous (peptic or varicose) ulcers. The 
author has consequently called them too callous thrombi. Probably 
the similarity is not only a superficial one, the same reasons may 
in both instances account for the defective healing tendency in the 
center of a large, fibrous scar. 

The description given may seem to correspond only to one stage 
in the development of surface thrombi. It must at any rate be a 
stage of long duration. The author has seldom seen completely orga- 
nized surface thrombi, central “ulcers” will probably for long periods 
withstand the organization process representing important sources 
for systemic cmbolias. 

Surface thrombi are not as common as recess thrombi, but they 
are not at all rare. Of 98 left atrial thrombi in series A, 31 belonged 
more or less distinctly to this type. Of these thrombi 25 were found 
in cases with mitral stenosis. Coronary sclerosis or hypertensive 
heart disease were registered as main diagnoses in the remaining 
cases. 

It is difficult to explain the presence of these thrombi on the smooth 
wall of the main atrial lumen, without assuming wall lesions as a 
main cause. As a matter of fact a rather uniform type of round-cell 
endocarditis (to be described in chapter VI) was present under the 
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thrombi in 22 of these 31 cases. In the remaining cases conspicuous 
scarring and m 2 cases even calcification of fche endocardium was 
observed, but no cellular infiltration. 


Right Atrium. 

The types of thrombi to be found in the right atrium differ in 
some respects from the ones found in the left atrium. 

The author has never seen mural thrombi in the smooth-walled 
part of the right atrium. They were all found in the trabeculated 
part, which in the right atrium includes, not only the auricular appen- 
dage, but also considerable part of the wall surface of the main 
atrial lumen. Consequently typical surface thrombi were not found 
in the right atrium. 

Most thrombi were found within the numerous sinuosities which 
are typical of the right atrium. The complicated branchery of trabe- 
culae filling up the auricular appendage and the auricular sinus pre- 
vent such thrombi from attaining the “corpus liber” type of left 
recess thrombi. They may instead attain considerable dimensions 
within the extensive recess “systems” of the auricular sinus, which 
they often fill throughout. Very often however, numerous small, 
rounded clots are seen to protrude between the pectinate muscles. 
They are usually arranged in groups, covering limited areas of the 
atrial wall, and the author believed originally, that they indicated 
lesions in this very segment of the wall. As a matter of fact they 
proved usually to be but sprouts from a continuous thrombus mass 
filling an auricular sinus. Such groups of small thrombi represent 
typical findings in the right atrium; because of their similarity with 
mushrooms, sprouting between the roots of a tree the author has 
called them fungiform thrombi. 

Recent fungiform thrombi are as a rule rich in erythrocytes and 
their inner parts have a darkly red colour. They are however usuall} 
covered by a thin layer of fibrine, making them appear white or 
bluish from without. In sections this “limiting membrane is seen 
to separate also the edges of the thrombocytic lamellae (lines of Zaun) 
from the atrial lumen, apparently marking that the growth of t e 
thrombi is finished. All recent fungiform thrombi in the same group 
represent the same stage of development and pictures suggesting 
a stage of actual increase are seldom seen. The author consequen y 
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assumes, that the formation of fungiform thrombi is accomplished 
within a short time and simultaneously stopped in all the individual 
sprouts. 

It is evident, that the organizational conditions must be nearly 
ideal for the parts of the thrombi enclosed in the auricular sinus 
because of the extensive surface of contact between thrombus and 
endocardium. The final result will simply be an obliteration of the 
intertrabecular spaces with fibrous scar tissue. 

Conditions are different for the protruding globuli forming the 
fungiform thrombi. The organization is, during a first stage, appa- 
rently restricted to the surface of such thrombi and it may sometimes 
be seen that the fibroblasts actually follow the “limiting membrane” 
mentioned above. In early stages fungiform thrombi become thus 
enclosed within a thin capsule of new connective tissue (fig. 1G). 
The fibroblasts seem on the other hand to have little tendency to 
migrate towards the inner parts of the thrombi. Fungiform thrombi 
are instead often liquefied in their central parts, a process called 
'puriform softening. 

It is the present author’s impression that most liquefied thrombi 
burst (at least the larger ones), emptying their contents into the 
atrial lumen. A stage often met with in autopsies is at least that 
of empty thrombus cysts, similar to burst puffballs, with the flaccid 
cyst walls projecting into the atrial lumen from the fibrous basis 
of the thrombus. The gross appearance is however often confusing, 
the finding may be mistaken for representing quite recent thrombi 
consisting of loose, irregular, ragged clots in a first stage of increase. 
Microscopic control is often necessary to reveal the real state of 
affairs. 

Liquefaction eliminates most of the protruding parts of the right 
atrial thrombi. Between the numerous trabeculae of the right atrium 
only short distances then remain to be bridged over by the organi- 
zation process. As a consequence, the lumen surface of old thrombi 
in the right atrium is usually completely organized and “central 
ulcers” are seldom seen. Such remnants of thrombi arc often diffi- 
cult to recognize with the naked eye, but the author has sometimes 

registered them as quite unexpected findings in slides from the right 
atrium. 

The general structure of right atrial thrombi does seldom permit 
direct conclusions as to the etiology. In a few cases with atrial in- 

^ 48757 Nils S Oder 'Strom 
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farcts, the author did however observe a type of thrombi, which in 
this respect were comparable to left atrial surface thrombi. The 
author has called such specimens tangential thrombi (fig. 14 B) 
They had the appearance of flat discs fixed to the crests of the pec- 
tinate muscles and bridging over the grooves between them. The 
formation of such thrombi may be explained by the fact that the 
myocardial necrosis becomes manifest only in the more massive 
pectinate muscles, the remaining part of the atrial wall being shel- 
tered by the lumen zone and the pericardial zone (chapter VII). 

Among the 138 cases with right atrial thrombi (series A) 23 had 
only rheumatic valvular disease and 76 belonged definitely to the 
diagnostic group of coronary-sclerosis — hypertensive heart dis- 
ease. Acute ventricular infarcts were present in 30 cases in the latter 
group. 

Significant wall lesions were found under the right atrial thrombi 
in 87 (63.5 per cent) of the cases. Lesions of a “coronary’' type were 
observed in 79 cases (46 cases with “atrial infarction” and 33 cases 
with “minor lesions” according to the definitions to be found in 
chapter YII1). Of the remaining cases 2 had myocardial amyloido- 
sis; a single case of mitral stenosis had an acute endomyocarditis 
under a thrombus in the right atrium. The lesions in the remaining 
6 cases were labelled as myocarditis or myocardial degeneration 
of uncertain etiology. 

It must be added, that the figures given for the occurrence of 
“coronary” lesions beneath right atrial thrombi are probably too 
low. During earlier periods of the investigation, blocks were some- 
times taken only from the center of the thrombus-covered part 
of the atrial Avail. It is evident from the preceding discussion that 
this in most cases meant from the mid-part of the corresponding auri- 
cular sinus. It was only successively learnt by the author that the 
infarct area often but touches the extremity of such a sinus, the 
thrombus induced will nevertheless fill the sinus throughout. Such 
a discrepancy between the extension of infarct and mural throm- 
bus is erddent in fig. 

* 

Very substantial and typical wall lesions were thus registered under 
the atrial thrombi in about half the cases. In the right atrium more 
or less extensive “ coronary 1 5 myocardial lesions (infarcts and minor 
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lesions; definitions see chapter VIII) were the typical findings, pie- 
sent under about 2/3 of the thrombi. Considering the rarity of atrial 
infarcts in cases without thrombi (see chapter VIII) it may seem 
justified to assume, that most right atrial thrombi are caused by myocar- 
dial infarcts. In the left atrium myocardial infarcts were exceptional. 
A lesion characteristic of the left atrium was instead that of initial 
endocarditis occurring beneath a type of thrombi (surface thrombi) 
the very position of which indicated that the lesion of the atrial wall 
must have been the decisive cause for their formation. plural endo- 
carditis was however found only beneath about 1/4 of all left atrial 
thrombi. 

The author can obviously not pretend to have proved the absence 
of causal wall lesions under the thrombi in all the remaining cases. 
However it is probably significant, that wall lesions were exceptional 
findings in the large and rather well defined group of left “recess 
thrombi”. It is possible that some of these thrombi have been caused 
by minute lesions, which may happen to fall without the isolated 
sections available. One may or may not assume the presence of such 
wall lesions, it is at any rate possible that stagnation factors had been 
of decisive importance for the formation of these thrombi. 


c. Relations between auricular fibrillation and atrial 
mural thrombi. 

A closer analysis of the importance of stagnation factors (as repre- 
sented by congestive failure, atrial dilatation or auricular fibrilla- 
tion etc.) for the formation of atrial mural thrombi is a very diffi- 
cult enterprise. They often more or less coincide and it is difficult 
to get materials for comparison in order to check the importance 
of the different factors. The author will in this chapter restrict 
himself to a study of the importance of auricular fibrillation, a con- 
dition which is at least not very difficult to define. 

It is mentioned in many textbooks as a matter of fact, that atrial 
thrombi are more frequent in cases with auricular fibrillation than 
m other cases. The causal relations may seem to be evident; it is 
hardly more than a truism to state that a suspended systolic eva- 
cuation of the atria must mean a favourable condition at least for 
the growth of mural thrombi. In order to illustrate another effect 
of auricular fibrillation, it may be said that the immobility of the 



52 


Table 3. Incidence of auricular fibrillation in series B. 
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±3.26 
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T = total number of cases. A F = cases with auricular fibrillation 
A = cases with atrial thrombi only 
A + V = cases with atrial and ventricular thrombi 
V = cases with ventricular thrombi only 

R = cases with right atrial thrombi only 

R + L — cases with right and left atrial thrombi 
L — cases with left atrial thrombi only 

O = cases without heart thrombi with heart disease as a main causo of death. 

auricular walls makes them as defenceless against thrombotic depo- 
sits, as a horse should be against flies without his cutaneous muscles. 

It must however be stated that statistical proofs for the connec- 
tion between auricular fibrillation and atrial thrombi have not often 
been furnished in the literature. The question has been studied by 
Harvey & Levine (1930) who in a total material of 111 heart 
thrombi found atrial thrombi in 88 per cent of the fibrillating cases, 
but only in 54 per cent of the cases with regular rhythm. They con- 
cluded that auricular fibrillation was important as a cause of atrial 
thrombi. In a later study Hay and Levine (1942) registered the 
frequency of atrial thrombi in 186 cases of mitral stenosis and noted 
a significantly higher incidence of mural thrombi in cases with auri- 
cular fibrillation than in cases with regular sinus rhythm. Weiss and 
Davis (1933) published an analysis of 154 autopsy cases of rheuma- 
tical heart disease and noted, that in 22 out of 25 cases with exten- 
sive atrial thrombosis (88 per cent) fibrillation had been present 
during life. They concluded that fibrillation was an important cause 
of atrial thrombi. Finally Garvin found only in cases with rheuma- 
tic heart disease a higher incidence of heart thrombi in cases with 
fibrillation than in cases with regular rhythm. Garvin made in 
this statement no difference between atrial and ventricular thrombi. 

The incidence of auricular fibrillation in the present author s scries 
B is considerably higher among the cases ■with atrial thrombi than 
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Table 4. Incidence of auricular fibrillation in series B. Cases of rheu- 
matic heart disease -with atrial thrombi. The figures comprise all cases 
with rheumatic valvular disease. 
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among the cases without mural heart thrombi, dying of heart 
disease (Table 3). 

According to the same table the incidence of auricular fibrillation 
uas instead significantly lower among the cases with ventricular 
thrombi than among the cases without heart thrombi. This obser- 
\ ation may seem surprising. It is hardly probable, that the auricular 
fibrillation in itself exerts any influence on the formation of ventri- 
cular thrombi, at least not that it inhibits their formation. There 
is, however, a probable and rather instructive explanation to this 
fact: most ventricular thrombi are found in cases with ventricular 
infarcts, and auricular fibrillation is not common in cases with ven- 
tricular infarcts. The same mode of reasoning may be applied also 
to the question of atrial thrombosis: it is by no means certain, that 
a positive correlation between auricular fibrillation and atrial thrombi 
is due to fibrillation as a stagnation factor. Fibrillation and atrial 
, rombi could be the parallel consequences to a common causal 
factor (possibly wall lesion). 

Returning to the atrial thrombi, it may be stated from table 3 
that there is a very high incidence of auricular fibrillation among 
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Scant y WheTtf {ibvilhtion in t]lis » not signi- 

ficantly higher than in the group of cases without heart thrombi 

Ja^TV° T ,me ’ tll8t thiS dfence b ^een right and 

culariv com “ &Ct ttat Ieft atrial ^ «c parti- 

cular!, common m cases of rheumatic heart disease. It has been 
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Table 5. Incidence of auricular fibrillation in series B. Cases of non- 
rheumatic heart disease with atrial thrombi. The figures comprise all 
cases without signs of rheumatic valvular disease. 



NT 

R i 

R+L 


T 

300 

93 

22 

■ 

53 

A F 

1 32 

30 

17 

32 

% A F of T ■ 

30.7 

38.7 

77.3 

G0.4 

l 

±2.0 - 

±5.1 

±8.0 

±6.7 


NT --= enses registered ns dying of lienrt disease in which no signs of rheumatic valvular 
disease and no heart thrombi were found. 

Other abbreviations, soo table 3. 


mentioned that a positive correlation between fibrillation and atrial 
thrombosis has been demonstrated by previous authors in this very 
type of heart disease. This assumption is however not confirmed 
by the figures in tables 4 and 5. Both in cases with rheumatic 
heart disease and in cases without rheumatic heart disease the typi- 
cal difference is present between right and left atrial thrombi with 
respect to their relations to auricular fibrillation. 

It is obviously not permissible to conclude from these statements 
that auricular fibrillation is of no consequence for the formation of 
right atrial thrombi. One may however safely conclude, that most 
right atrial thrombi are caused by factors which are not connected 
with auricular fibrillation. This conclusion will be of some interest 
for the discussion (chapter IX) of auricular fibrillation as a possible 
consequence of atrial infarction. 

It may furthermore be concluded, that the formation of atrial 
thrombi in cases with auricular fibrillation should not simply be 
regarded as due to the mechanical effect of the fibrillation. Auri- 
cular fibrillation is always a bilateral condition, and there is no reason 
to assume that its influence on the formation of thrombi is another 
in the right than in the left atrium. It is difficult to explain (at least 
in the cases of rheumatic heart disease) the high incidence of left 
atrial thrombi in fibrillating cases as due to the mechanical effect 
of fibrillation if no such effect is demonstrable for the part of the 
right atrium. It may be assumed, that factors causing left atrial 
thrombi may he the direct causes also for the appearance of auri 
cular fibrillation. 
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Summary. 

It was possible to distinguish in the. left atrium two development 
types of mural thrombi. Surface thrombi develop in the smooth- 
walled part of the left atrium, they are probably in most cases caused 
by a mural endocarditis. Iiecess thrombi occur in the lett auricular 
appendage, significant lesions are only exceptionally found in the 
atrial walls under such thrombi. Analogous types of tlirombi could 
usually not be distinguished in the right atrium. Right atrial thrombi 
are rather uniform and develop in remote recesses; they may reach 
considerable extension within the auricular appendage and the 
auricular sinuses. Wall lesions, usually more or less extensive myocar- 
dial infarcts, were found beneath most right atrial thrombi. 

There is reason not to exaggerate the importance of stagnation 
factors for the formation of atrial thrombi. The relations of auri- 
cular fibrillation to atrial thrombosis was studied in a large material. 
It turned out, that cases with left atrial thrombi showed a higher 
incidence of auricular fibrillation than other groups of cases dying 
of heart disease. No significant correlation could be demonstrated 
between right atrial thrombi and auricular fibrillation. 


CHAPTER YI. 

Mural endocarditis of the left atrium. 

It was pointed out in chapter V, that mural endocarditis is pro- 
bably an important cause for the formation of left atrial “surface” 
tlirombi. Little attention is usually paid in routine autopsies to this 
type of endocarditis and the author feels justified in recording some 
observations regarding this typical lesion of the atrial wall. 

Tlie previous literature on this topic has been reviewed in a peremp- 
tory v ay by Gross (1935). It has long been known, that an involve- 
ment of the mural endocardium of the left atrium is common in cases 
of subacute bacterial endocarditis. The first author to point out 
the common occurrence of such an endocarditis in cases of uncom- 
plicated rheumatic heart disease was 1\Iaccai,lum (1924) (“Mac- 
callum patch”), v. Glahn (192G) observed in 9 out of 31 cases of 
rheumatic heart disease a mural endocarditis with a patchy distri- 
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button over the inner surface of all the left atrium. Gross (1935) 
found in a material of 87 cases of rheumatic heart disease some sign 
of mural endocarditis in all cases. He regards however mural endo- 
carditis to be present also in cases, in which the alterations consisted 
mainly of scarring and vascularization of the endocardium without 
conspicuous cellular infiltration. 

According to these authors the inflammatory cells consisted mainly 
of lymphocytes but also, in the acute stages, of polymorphonuclear 
leucocytes, Maccallum found, in addition, typical Aschoff bodies, 
v. Glahx found no typical Aschoff bodies but large, basophilic 
cells arranged to form “palisades” parallel to the endocardial surface, 
v. Glahn and Gross regarded however all the types of cells cha- 
racteristic of the Aschoff bodies to be present in some cases of 
mural endocarditis, they assumed that only the anatomical structure 
of the endocardium prevents the development of distinct Aschoff 
bodies of the habitual type. 

The authors mentioned did not observe the formation of mural 
thrombi as a consequence of mural endocarditis. The presence of 
a causal relation between mural endocarditis and mural thrombosis 
has hitherto been suggested only by Graef, Berger, Buxim & de 
la Chafelle (1937). They found in cases of rheumatic heart dis- 
ease a mural endocarditis beneath 10 out of 24 left atrial thrombi, 
apparently both in the trabeculated and in the smoothwalled part 
of the atrium. Thej'- concluded that mural endocarditis was an im- 
portant cause for the formation of left atrial thrombi. 

In the present author’s material the diagnosis of a significant 
mural endocarditis was based on the presence of a fairly uniform 
histological picture. The main feature was an infiltration of the 
endocardium with round cells (lymphocytes and plasma cells). Larger 
cells, comparable to the large cells occurring in Aschoff bodies 
were seldom observed. As a rule the cells were arranged in large, 
irregular foci near to the myocardium, sometimes there was a more 
or less continuous infiltration throughout the endocardium, which in 
2 cases was filled with tightly packed round cells (fig. s. 11, 12 and 
13). Sometimes the continuous cellular infiltration extended also 
to adjacent parts of the myocardium. Very often a degeneration 
of muscle fibres and an increase of the interstitial connective tissue 
could be observed in the layer of myocardium immediately outside 
the endocardium (fig. 12). As a consequence, the usually sharply 



defined limit between the myocardium and the endocardium "was 
in such cases often indistinct. 

It must be emphasized, that this type of endocarditis may easily 
be distinguished from the leucocytic or in later stages lymphocytic 
cellular infiltration, which often accompanies the organization of 
mural thrombi. This type of cellular infiltration is regularly most 
pronounced in the thrombus itself, but may extend also to the inner 
(subendothelial) layer of the endocardium, which may consequently 
become considerably scarred. Scarring and vascularization of the 
endocardium is a regular consequence of the organization of mural 
thrombi, and its presence does not indicate, that an endocarditis 
preceded the formation of thrombi. 

In this study mural endocarditis was diagnosed only in cases with 
a conspicuous cellular infiltration in the outer layers of the endocar- 
dium (called by Gross the subendocardium). 

Typical endocardial or subendocardial Aschoff bodies were not 
observed in the author’s material (not even the “banded Aschoff 
bodies” described by v. Glahn and Gross). Rheumatic heart dis- 
ease was however present in 22 of the 25 cases registered and it is 
consequently very probable that this type of mural endocarditis 
is a manifestation of rheumatic heart disease. The non-rheumatic 
character of the remaining cases (2 cases labelled as coronary scle- 
rosis and one as hypertensive heart disease) can not be regarded as 
established with certainty. 

The author has found no clinical signs to be referred specially to 
the left atrial mural endocarditis. Subacute bacterial valvular endo- 
carditis was present in only one of the cases. 

The incidence of auricular fibrillation was about the same in the 
cases with mural endocarditis as in the other cases with left atrial 
thrombi. 


CHAPTER VII. 

The microscopical picture of atrial infarction. 


It was pointed out by Cushing et al., that atrial infarcts arc easily 
overlooked m routine autopsies. The present author maintains that 
without microscopical examination they can only be diagnosed 
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with reasonable accuracy in exceptional cases. But the histological 
diagnosis also entails some little known difficulties and the findings 
differ in many respects from the customary picture in ventricular 
infarcts. A study of the factors constituting the difference proved 
to yield some facts of general interest for the understanding of myo- 
cardial lesions in coronary disease. The author will consequently 
discuss the histological findings in some detail. 


a. General facts regarding the histology of myocardial 

infarcts. 

Literature as to the microscopical appearance of myocardial (ven- 
tricular) infarcts is rather scanty. Most authors refer to the papers 
of Karsner & Dwyer, studying experimental (ventricular) infarcts 
in dogs, and of Mallory, White & Salceho-Salgar, describing 
the histology of human (ventricular) infarcts in different stages of 
development. Their accounts agree quite well; the only important 
difference is, that the stages of repair follow one another more quickly 
in the dog than in man. The following survey refers mainly to the 
description of Mallory et al. 

According to these authors the first histological signs of myocar- 
dial infarction can be observed 5 — 6 hours after stoppage of the 
arterial blood supply. The most striking sign is, that the affected 
muscle fibres appear hyaline and take a deeper acid stain then nor- 
mal fibres. During the following hours this change becomes more 
marked. The cross-striation of the fibres in such hyaline necro- 
sis is usually difficult to discern but does not always disappear 
the author has often seen it rather exaggerated in fully developed 
hyaline necrosis. 

The behaviour of the nuclei of the muscle cells is not commented 
on by Mallory et al.; they are known to disappear as quickly in 
necrotic myocardium as in other necrotic tissue. The present author 
must however stress that they may be plainly visible even when the 
picture of hyaline necrosis is quite distinct. 

Infiltration of the necrotic tissue with polymorphonuclear leuco- 
cytes begins after 24 hours, and during the following week rows of 
leucocytes between the myocardial fibres form a prominent and typi- 
cal feature of the picture. Organization, with ingrowth of capillaries 
and fibroblasts and removal of necrotic muscle, begins about the 
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fourth day; in an infarct of 10 days standing Mallory et al. found 
the breadth of the organization zone to be 1 mm. The time necessary 
for the removal of the necrotic remnants varies considerably with 
the extension of the infarct but the development of the scar tissue 
is comparatively quickly accomplished, the formation of collagen 
fibrils reaching its maximum within 2 — 3 months. Mallory et al. 
found a fibrinous pericarditis after 24 hours in many cases, but mural 
thrombosis did not appear before the fifth day. 1 They note, that 
recent mural thrombi could also be found in the late stages of repair 
of myocardial infarcts. Finally they observed along the endocardium 
a narrow' zone of surviving myocardium, which must have been 
nourished directly from the heart lumen. This zone will be called 
in this study the lumen zone. A lumen zone has been observed 
by several previous authors, but as a rule little attention has been 
paid to it. Its presence is however of decisive importance for the 
development of the peculiar histological picture of atrial infarction. 

According to this survey, the development of myocardial infarc- 
tion may in histological terms be expressed simply as the appearance 
of a complete hyaline necrosis, its successive removal and its final 
replacement by scar tissue. 

This is however no complete description. Some other types of 
myocardial degeneration have also been observed and recorded in 
the literature concerning myocardial infarction. 

Mallory et al. state that considerable amounts of fat (or lipoids) 
are present within the myocardial fibres only if the myocardium has 
been insufficiently nourished before the onset of a sudden arterial 
occlusion. Otherwise they found fatty degeneration of the fibres 
only in the periphery of the infarcts. Karsner & Dwyer report 
similar observations. 

There is another type of myocardial degeneration in infarct cases 
which has been cursorily referred to by some authors as “vacuolar 
degeneration”. A good microphoto, representing this type of dege- 
neration, is reproduced by Boyd in his book “Pathology of Internal 
Diseases (p. 66). This type of myocardial alteration is often a domi- 
nating finding in atrial infarcts and will become a main object of 
study in this chapter. 

It is the present author’s experience, that distinct vacuoles arc 

1 Bean noted m some cases mural thrombosis 24 hours after the onset of 
infarction. 
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usually not present in the fibres presenting this type of degeneration 
The fibres appear rather diffusely inflated and poor in fibrils. The 
present author found often fibres having this appearance in the 
transition zone between hyaline necrosis and normal myocardium. 
Under the microscope such a zone is often seen to surround the areas 
of hyaline necrosis as a rim of foam. In the present study the term 
foamy degeneration will be used for this type of degeneration. 
It probably represents a degree of damage next to complete necrosis. 

The present author should like to briefly define the histological 
picture of recent (ventricular) myocardial infarction in the following 
way: 

A large central zone of hyaline (complete) necrosis is surrounded 
by a narrow border of degenerated tissue which is not definitely 
necrotic and which usually presents the histological picture of foamy 
degeneration. The most conspicuous part of this border zone is the 
lumen zone, separating the zone of hyaline necrosis from the endo- 
cardial surface. 


b. The special histological picture of atrial infarcts. 

The histological findings in atrial infarcts do not deviate in prin- 
ciple from the account given above. In most cases, however, the 
actual picture seems to differ considerably from the one usually seen 
in ventricular infarcts. 

The reason is easy to understand considering two of the state- 
ments of Mallory et al. They state that the zone of intact myocar- 
dium beneath the endocardium has a breadth of 0.3— 0.5 nun (the 
figures of the present author are somewhat lower — see p. 02). If 
such a lumen zone is assumed to be present in infarcts of the thin 
atrial wall, there will be hut little room for complete hyaline necrosis 
in most atrial structures. Furthermore, if all traces of necrotic muscle 
may be removed within 10 days to a depth of 1 mm from the margins 
of the infarct, then it must only be possible to find the typical hya 
line necrosis in the atrial walls during a very short space of time 
after the occlusion of an artery. 

It is easy to imagine that in the left atrium, the blood content 
of which is well oxygenated, the conditions mentioned may prevent 
the development of a plain histological picture of myocardial in- 
farction. 
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The position is different in the right atrium. Its blood content 
is venous; in congestive failure the oxj T gen saturation certainly often 
falls below 50 per cent. It may be assumed that the nutrition of 
the lumen zone after infarction of the right heart will be rather defec- 
tive. The actual findings agree well with this assumption. The lumen 
zone of right atrial infarcts present regularly more or less conspi- 
cuous signs of degeneration, most often foamy degeneration. 

Manifest hyaline necrosis is, however, little prominent in sections 
from right atrial infarcts too and it is, at the first glance, often diffi- 
cult to reveal the true nature of the lesion also under the microscope. 
Most of the myocardium belongs to the lumen zone (or to a corre- 
sponding but less constant pericardial zone — see p. 63) and 
presents usually some sign of degeneration but no necrosis. The 
scattered areas of hyaline necrosis present in recent infarcts may 
be very inconspicuous (fig. 18 A) and in later stages the patchy scar- 
ring in the central parts of the trabeculae is also easily overlooked. 
In large areas there is nothing more to be found than a diffuse foamy 
degeneration, a diffuse, more or less pronounced infiltration with 
leucocytes or sometimes round cells and finally a more or less diffuse 
interstitial fibrosis. Such findings are easily labelled simply as a 
diffuse myocarditis. Recent infarcts in particular may be very diffi- 
cult to recognize. 

The cause of this confusing picture is obviously the lumen zone, 
protecting large parts of the atrial walls from the extreme results 
of a deficient coronary blood supply. But the demonstration in suitable 
places, of a distinct lumen zone is also a crucial point for diagnosis. 
In this investigation the demonstration of a lumen zone has been 
used as an absolute condition for the diagnosis of “coronary” lesions 
in the myocardium. 

Lumen zone, pericardial zone and foamy degeneration constitute 
together the typical picture of atrial infarcts and will form the sub- 
jects of special descriptions. 


c. Lumen zone. 

Several authors studying the histology of atrial infarcts have obser- 
ved the existence of a lumen zone (Cfr Mallory et ah). Its value 

as a criterion of »coronanj» lesions has not been pointed out pre- 
viously. 
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In atrial infarcts it is usually io he seen in nil structures suffici- 
ently massive to permit a clear differentiation into central zone and 
lumen zone. It penetrates into the central zone along the thin- 
wailed vnsn minima (figs. 20. 21) and it may also he seen around 
the rather constant central artery of the “pectinate muscles” (fig. 
10 ef the observations of Wears ct al. quoted on p. 32). 

The lumen zone is sometimes, hut not always absent beneath 
mural thrombi (figs. 17 A, 18 B). The lumen zone visible under 
mural thrombi is often as completely necrotic as the central zone 
hut the different age of the necrosis accounts for the different appea- 
rance. Within large thrombi small trabeculae may be found to he 
completely necrotic even in definitely non-“coronary” cases. Possibly 
trabeculae of this type are normally absolutely dependent on nutri- 
tion from the. lumen. 

There is usually a distinct demarcation between the lumen zone 
and the central zone. As a rule the degree of degeneration is about 
the same throughout the whole breadth of the lumen zone, some- 
times. however, (specially in the loft ventricle) some muscle fibres 
nearest to the lumen scorn to be better preserved. 

In sections from the same case and the same part of the heart 
the breadth of the lumen zone is usually constant. In different cases 
the figures may differ considerably. Several factors probably in- 
fluence the breadth of the lumen zone; specially interesting from 
the author's point of view is ibe influence of the oxygen saturation 
in the lumen blood. 

In order to study the importance of this factor, the author measu- 
red the breadth of the lumen zone in 29 eases of right atrial infarct 
and 10 cases of left ventricular infarct. For these measurements 
the author selected trabeculae cut transversely, the endocardium 
of which was not more than 0.025 mm thick. The lumen zone vms 
measured from the central zone to the endocardial surface of the 
myocardium (the figures consequently do not include the breadth 
of the endocardium). The smallest breadth to be measured in such 
trabeculae was regarded as the real one. The mean of the figures 
from 2 — 3 points of measurement was registered in every case, 
usually the differences between the figures from the same case 
were very small. 

The mean breadth of the right, atrial lumen zone in this series i\ns 
0.13 + 0.007 mm and the range of variation from 0.07 to 0.20 
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mm. Corresponding figures for the lumen zone in the left ventricle 
were: mean breadth 0.23 ± 0.015 mm and range of variation from 
0.07 to 0.35 mm. The difference between the mean breadths (0.10 ± 
0.017 mm) is statistically significant. 

There are good reasons to assume that the presence of a lumen 
zone is due to a nourishment of this part of the myocardium directly 
from the lumen blood. It is very inviting to conclude, that the broa- 
der lumen zone in the left ventricle is due to the higher oxygen satu- 
ration in the blood in the lumen of the left, heart. Unfortunately 
left atrial and right ventricular infarcts, which could furnish the 
final proofs for this theory are of very rare occurrence. In the only 
case of left atrial infarction observed by the author no suitable places 
for the measuring could be found. In 3 cases of right ventricular in- 
farction the lumen zone was rather narrow (0.135, 0.0S and 0.075 mm), 
but the number of cases is to small to permit definite conclusions. 
The present author finds the assumption probable, that the lumen 
zone in the left atrium has a breadth corresponding to that found 
in the left ventricle; this assumption contributes to the explana- 
tion of the rarity of left atrial infarcts (and consequently of measu- 
rable left atrial lumen zones). 

d. Pericardial zone. 

A zone of surviving myocardium may also be found immediately 
under the pericardium. It is however not so constantly present as 
the lumen zone. In addition the demarcation line between this 
pericardial zone and the central zone is seldom sharply defined 
and the breadth of the pericardial zone may vary within very wide 
limits also in the same slide. 

It is not easy to give a satisfactory explanation for the presence 
of a pericardial zone. It has been vindicated by some authors, that 
the increased pressure in the myocardium during systole should pre- 
sent a significant obstacle for the coronary blood supply to the inner 
layers of the myocardium (efr Lkpkschkix § 770). It, is consequently 
possible, that the layers of myocardium immediately beneath the 
pericardium are in a favourable position with regard to the coro- 
nary blood supply. It is, in addition, not quite impossible, that a 
diffusion of oxygen from vessels ramifying in the parietal pericar- 
dium coukl be of some importance in this connection. 
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Whatever the explanation may be for the presence of this peri- 
cardial zone, it contributes in many cases of atrial infarction to a 
considerable reduction of the definitely necrotic central zones. 

e. Foamy degeneration. 

It has been mentioned, that in atrial infarction foamy degenera- 
tion of the myocardium usually dominates the histological picture 
being the typical finding in lumen zones and pericardial zones. 

Myocardial fibres in the state of foamy degeneration appear with 
most stains to be more or less empty of fibrils but yet swollen or in- 
flated by some invisible substance. The remaining fibres are often 
found immediately under the sarcolemma; fibres cut transversely 
may consequently appear ring-shaped. All transitions may be found 
between normal fibres and fibres which seem to be nothing hut 
empty sarcolemmal tubes. The cross-striation may be traced as 
long as there are any myofibrils left. The nuclei of the muscle cells 
are usually more conspicuous than in normal myocardium; some- 
times they are bulky and inflated, sometimes they are flattened 
out, of irregular contour and staining darkly. The picture suggests, 
-that such fibres are not completely necrotic, but in a more or less 
.advanced state of degeneration. 

It has been mentioned, that in ventricular infarcts foamy degene- 
ration is usually found in a narrow marginal zone of the infarct area. 
In quite recent infarct cases the picture of foamy degeneration was 
often indistinct, but in a ventricular infarct of about 4 days standing 
it was fully developed. In lumen zones foamy degeneration may he 
seen together with all stages of development in the central zone. 
The observation of foamy degeneration in the lumen zone thus gives 
no clue to the age of the actual lesion. 

It is possible that foamy degeneration represents sometimes onl> 
a stage in a process of slow disintegration of myocardial fibres. Such 
a development is however probably not the rule, at least not in the 
lumen zones. Foamy degeneration is a regular finding in the lumen 
zones of recent or subrecent infarcts, but a lumen zone consisting 
of living myocardium is practically always present also in old, scarred 
infarcts. It may be added that the myocardium is often bistologi 
cally normal in the lumen zones of old infarcts. This observation 
argues for the assumption that foamy degeneration is an essentially 
reversible condition. 



T’ ip. 17. A. Subreocnt infarct in the left atrium. B. Recent infarct in the right atrium. 

z . ont '- I' oamy degeneration. II: eentral zone consisting of new connective tissue. Ill: lumen zone, onlv reaching the margin of tile free 
atrlnl lumen ). : endocardium. V; free a trial lumen. Vi: thrombus. .Vote the “capsular" organization. (Sit. A. case 1,17,'v. Cleson •: 7.‘>). K: emloeardium. 
I : pericardium. Fibres with hyaline necrosis have taken a darker stain. Foamy degeneration dominates tiie picture (Ser. A ease l.'iH, v. Cleson 30). 
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Fig. 18. A. Common picture of a recent infarct in tlic right atrium. Hyaline necrosis of a couple of fibres in the center of 
the trabeculum, foamy degeneration dominates. (Sor. A. ease 40, v. Gieson x 80). B. Recent infarct within old thrombus 
(right atrium). Hyaline necrosis throughout. No lumen zone. (Set*. A case v. Gieson * ;$<)). 




Fie. I!). Infarct in the riirlit iitriutn. Central scar in a small t raboenhim. normal 
myocardium in the lumen zone. There is n “lunK’it zone ’also around the trabeculum 
artery. (Ser. A. ease Jfl2, v. Gieson. •’ 40). 



1%. 20. Infarct, in a trabeculum of the riaht atrium. Foamy deaenoration in the 

"™ ,C ’ Wn '; h T'^da around a thin-wallcd vessel (or intertrabeeulnr space), 
hut not mound the trabecular artery. (Ser. A ease 130. v. Gieson. ■ SO). 




Fig. 21. Infarct, of papillary muscle, left ventricle. Lumen zones surrounding thin- 
wnllecl vessels. The dark areas represent scar tissue (the slide is stained with carmine 
and hematoxylin according to Host, hut incompletely differentiated. >:4$). 
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Fig. "24. Non-“coronavy” foamy degeneration (diabetic glycogenosis niyoonr u).± 
the complete absence of a lumen zone (A: Best’s glycogen stain, B. r . 1 

corresponding areas in consecutive sections. * 48). 
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Fig. 25. Common picture in infarcts of the right atrium. Diffuse foamy degeneration 
and considerable amounts of glycogen in the fibres but no distinct differentiation of 
lumen zone and central zone. (Ser. A case 187, Best’s glycogen stain-hematoxylin, >' 50). 
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‘'tJ' Another area of thc slide reproduced in fig. 25. A central zone of hyaline 
fim.re T. r >° f glyCOg ? n ’ I s dlstinctIy differentiated in the lower part of the 
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The picture of foamy degeneration just described is almost in- 
variably found in “coronary” lesions of the myocardium, but it is 
by no means diagnostic of a “coronary” etiology. A similar type 
of degeneration was described by Wenckebach in beri-beri hearts 
under the name of “hydropic degeneration” of the myocardium, 
and similar pictures have also been observed in diphteric myocar- 
ditis and some other form of myocardial disease. It is only the fin- 
ding of a differentiated lumen zone which is conclusive evidence 
of a “coronary” etiology. Fig. 24 is representative for a case of 
non-“coronary” foamy degeneration (diabetic glycogenosis of the 
myocardium) without a trace of a lumen zone. 

In the investigations of Pichotka and Rotter Sc Mueller 
vacuolisation of myocardial fibres was observed as an immediate 
consequence of general hypoxemia (sudden death at high altitudes). 
The picture of their cases was evidently not quite the same as that 
of foamy degeneration. The present author can not decide to what 
degree the two conditions may be related to one another. 

Finally Frothingham describes a vacuolar degeneration of the 
atrial myocardium (probably identical with the present author’s 
foamy degeneration), which he assumed to be the morphological 
substrate of auricular fibrillation. In a larger material Yater failed 
to confirm the observation of Frothing ham as to the relation between 
auricular fibrillation and this type of degeneration, but gives no 
further comment on the question. 


f. The glycogen content of fibres in foamy degeneration. 

At first the present author was inclined to regard the zone of foamy 
degneration as identical with the zone of fatty degeneration, which 
is, (according to some writers), a regular finding at the borders of 
myocardial infarcts. However fat stains never revealed appreciable 
amounts of fat in the regions of foamy degeneration, and if fatty 
degeneration was observed, the myocardium of such areas did usually 
not present the picture of foamy degeneration. Impressed by the 
similarity between the typical Purkin.te fibres of the ungulates 
and fibres in less advanced stages of foamy degeneration, the author 
stained for glycogen, and found that fibres in the stale of foamy dege- 
neration usually were rich in glycogen (both in ventricular and atrial 
infarcts). 

■ r > — -18757 Nils Sodcrstrom 



66 


In most of the author’s cases the autopsy had been performed 
12—72 hours after death and no glycogen was demonstrable histolo- 
gically in the normal fibres — it was also absent in the zones of 
hyaline necrosis. The glycogen was still plainly demonstrable in the 
zones of foamy degeneration from a case in which the autopsy was 
performed 48 hours after death. The glycogen was also found to be 
present in early stages of infarction in which a distinct picture of 
foamy degeneration was still not to be seen in the border zones. The 
staining for glycogen thus proved to be valuable in tracing “coro- 
nary” degeneration zones, which would otherwise be difficult to 
recognize. 

It is well known, that the living myocardium is rich in glycogen, 
but also that it disappears quickly after death. Blume found (in 
the hearts of dogs) 3 l J» hours after death about the half and 9 hours 
after death about 1/9 of the quantity of glycogen originally present. 
Exact figures for the disappearance rate of histologically demon- 
strable glycogen are not available. Berblinger found glycogen 
to be fairly regularly present in ordinary myocardium in autopsy 
material obtained 1 — 6 hours after death, but Nagayo who obtained 
his material 5 — 12 hours after death found glycogen practically only 
in specific muscle fibres (particularly in Purkinje fibres). 

It is at any rate certain, that considerable amounts ot glycogen 
are seldom demonstrable histologically in the fibres of ordinary 
myocardium if the autopsy has been performed more than 6 hours 
after death. The present author stained for glycogen in sections of 
atrial and ventricular myocardium from 46 cases selected at random 
among routine autopsies, performed 6 — 72 hours after death. Note- 
worthy amounts of myocardial glycogen were observed in 11 cases. 
A diffuse myocardial glycogenosis was observed in 2 of these cases, 
one case of diabetes mellitus (the occurrence of myocardial storage 
of glycogen in some diabetics is well known) and one case of cancer 
ventriculi with severe anemia. In the remaining 9 cases fibres rich 
in glycogen were found only in the marginal zones of ventricuh) 
infarcts (zones of foamy degeneration) but not in the normal (or m 
the completely necrotic) fibres. 

It is a well established fact that the normal cellular stores of gly- 
cogen are rapidly reduced during hypoxia. This fact may account 
also for the disappearance of cellular glycogen after death. As a 
matter of fact Grayzel, Tennant, Stringer & Sutherland 
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could state (by gross chemical analysis) that also the glycogen con- 
tent of the myocardium is significantly lower m areas of experimen- 
tal infarction than in the surrounding, normal parts of the heart. 

The present author’s experiences agree with those of Grayzel 
et al. inasmuch as glycogen is never present in the zones of hyaline 
necrosis. The marginal zones which are rich in glycogen are relatively 
narrow and often inconspicuous in ventricular infarcts. This glycogen 
must be difficult to detect with gross chemical analysis. The posi- 
tion is different in atrial infarcts, in which the zones of glycogenic 
foamy degeneration are usually quite dominant. 

The facts presented regarding the behaviour of cardiac glycogen 
in “coronary” heart disease are thus to a certain degree contradic- 
tory. The occurrence of a conspicuous glycogen storage has been 
demonstrated in a. certain type of myocardial lesion due to “coro- 
nary” insufficiency. On the other hand tissue hypoxia is known to 
promote a quick depletion of the cellular stores of glycogen. The 
author will give a more detailed survey of this problem in a coming 
paper and refrains from a complete discussion of the matter here. 
However it may be pointed out that all fibres which are rich in gly- 
cogen (v. Gierke’s disease, coronary and diabetic glycogenosis, 
rhabdomyoma fibres and normal Purkinje fibres) have in common 
that they are poor in myofibrils. This fact may account for a reduced 
glycogen consumption. If the power of accumulating glycogen were 
intact, conditions for a glycogen storage would be present in such 
fibres. 

As early as 1883 Ehrlich observed in 2 cases of myocardial in- 
farct that the centres of the infarcts were surrounded by broad zones 
of fibres rich in glycogen. Ehrlich studied the glycogen distribu- 
tion in cases of diabetes mcllitus and noted the finding only ns a 
source of error. In modern literature the phenomenon seems to have 
been quite neglected. It is however mentioned in the paper of Axto- 
rol et al. that “it is known that after severe myocardial ischemia 
the vacuoles, as a rule, contain glycogen”. 

Pathological accumulation of glycogen is otherwise best known 
from the glycogen storage disease of v. Gierke. In typical cases 
of this disease glycogen storage is most conspicuous in the liver but 
it is usually also present in the heart. Putsciiar was the first to 
describe cases of this disease in which glycogenosis of the heart; was 
the dominating feature. An increasing number of similar cases have 
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been described later (see Antopol, Boas, Levison and Tuchman) 
The histological picture is described as very typical even without 
staining for glycogen. Thus Pompe reexamined the slides from some 
cases which had previously been labelled “idiopathic cardiac hyper- 
trophy” and recognized them as belonging to this group. On the 
other hand, according to microphotos reproduced, this typical histolo- 
gical picture seems to be mpossible to distinguish from (he present 
author's foamy degeneration. 

The glycogen storage in the myocardium of diabetics has already 
been mentioned. Little is known about the occurrence and impor- 
tance of this condition. Finally heart tumours of the rhabdomyoma 
type are known to contain large quantities of glycogen. 

A case described by Finkelsteix under the diagnosis of c ardiomc- 
galia glycogenica circumscripta is of special interest in this connection. 

In this case, the left coronary artery originated from the pulmo- 
nary artery and there was a hypertrophy specially affecting the parts 
of the heart nourished by this artery. The histological picture of 
this hypertrophic myocardium presented a mixture of fibrous scars, 
recent necrosis and large areas of myocardium with an appearence 
quite similar to the present author’s foamy degeneration. Glycogen 
was abundantly present within these degenerated fibres. In several 
other cases of pulmonary coronary artery (e. g. 2 cases described by 
Scholte) the same picture of foamy degeneration was found but 
staining for glycogen had not been performed. 

Another case of cardiomegalia glycogenica circumscripta was 
described by v. Creveld and v. d. Linde in a child, 5 months old. 
In this case there was a congenital dilatation of the pulmonary artery, 
the origin of the coronary arteries was not mentioned, but in the 
microphotos reproduced a distinct differentiation into lumen zone and 
central zone is plainly” visible, suggesting a “coronary” etiology for 
the myocardial degeneration observed (the present authors comment). 

The present author finds it probable that the cardiomegalia gly- 
cogenica circumscripta of Finkelsteix and v. Creveld & v. d. 
Linde simply represents a state of circumscript mymcardial degene- 
ration due to “coronary”” insufficiency (myocardial infarction). 

Summary. 

The histological picture of atrial infarcts is in many respects diffe- 
rent from the one in ventricular infarcts. Areas of complete necrosis 



69 


are often inconspicuous and present only in the central parts of the 
trabeculae. Most of the atrial myocardium falls within zones beneath 
the endocardium (lumen zone) and the pericardium (pericardial 
zone) which are sheltered from the extreme consequences of failing 
coronary blood supply. The occurrence of a lumen zone is diagnos- 
tic for a “coronary” etiology of the lesions. 

At least in right atrial infarcts these zones usually present a tj pe 
of myocardial degeneration, which has been called by the present 
author foamy degeneration. Myocardial fibres in foamy degene- 
ration are poor in fibrils and rich in glycogen. The author suggests, 
that some cases previously described under the diagnosis of cardio- 
megalia glycogenica circumscripta exemplify “coronary” degene- 
ration zones of this type. 


CHAPTER VIII. 

A classification and general analysis of the material of 

atrial infarcts. 

a. Extension and age of the lesions. 

It is evident from the account in chapter VI, that atrial infarcts 
do not usually attain the massive size of ventricular infarcts. In 
atrial infarcts, zones representing quite different degrees of myo- 
cardial damage alternate continuously in the same slide, and the 
wide and monotonous “deserts” of dead myocardium, typical of 
infarcts in the left ventricle, are seldom seen. One might be tempted 
to assume quite another pathogenesis for the mild lesions which often 
dominate the picture of atrial infarcts. It may be concluded, how- 
ever, from the discussion in chapter VI, that the difference is nothing 
but a reflection of the fact that atrial myocardium is not so abso- 
lutely dependent on the blood supply through the coronary arteries 
as ventricular myocardium. The term myocardial infarct is yet 
equally applicable to both types of lesion. 

In this series diagnosis was based on histological findings. As a 
natural consequence the cases represent all transition stages between 
extensive infarcts and minute foci of degeneration. A corresponding, 
continuous series is present also with respect to the age of the lesions. 
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Some sort of classification had however to be applied to the material 
in order to make a further analysis possible. In the absence of natu- 
ral dividing lines the author has classified the material arbitrarilv 
according to the following principles: 

1. Extension (and degree) of the lesions. 

The author must point out, to begin with, that an exact concep- 
tion of the extension of atrial infarcts is to be obtained only from 
serial sectioning, a procedure which has been performed in none of 
the author’s cases. According to the extension of the lesions within 
the sections available, the author has however attempted a division 
of the material into 2 main groups, termed “infarcts” and “minor 
lesions”. 

Atrial infarcts were considered to be present if there was hyaline 
necrosis or homogenous scars in the central zones and if the more or 
less contiguous lesions covered areas of reasonable extension in the 
slides (order of size in centimeters). 

The term minor lesions was used for solitary or sparsely dissemi- 
nated small foci, presenting the stigma of “coronary” lesion (diffe- 
rentiation into lumen zone and central zone), but too small to justify 
the expectation of clinical signs (order of size in millimeters). Cases, 
in which there was no complete necrosis in the central zone, were 
also placed within this group (regardless of the extension of the 
lesions). 

If these principles of classification are applied to the authors 
material of atrial lesions, it may be described as follows: 

In series A 46 cases of atrial infarct were found. In addition the 
author observed atrial infarcts in 1 case without mural thrombi. 
The total number of atrial infarcts observed in this study is consequently 
47. The infarcts were found, in 46 cases in the walls of the right 
atrium and only in 1 case in the walls of the left atrium. 

Minor lesions were observed in series A in 33 cases. The\ uore 
found in the walls of the right atrium in 31 cases, in the walls of the 
left atrium in 1 case and in the walls of both atria in 1 case. 

The limit between “infarcts” and “minor lesions’’ is obviously 
rather indistinct. The author’s only purpose in grouping them thus 
was to segregate from the main material all cases (minor lesions) 
which seemed too inconspicuous to merit special attention witi 
respect to the clinical signs. 



71 


2. Age of the lesions. 

It is obvious from tlie discussion in chapter VI that the age of 
the lesions may be judged only from the appearance of the central 
zone. The actual state of the lumen zone may have little to do with 
the disturbance of the coronary blood supply which once induced 
the lesion. 

Infarcts in which the central zone consisted of mature scar (issue, 
rich in collagen and poor in cells have been labelled old infarcts. 

All other infarcts were labelled recent, even if the necrotic tissue 
of the central zone had been replaced by scar tissue, if this tissue 
was still rich in cells and vessels. The term subrecent will some- 
times be used for such not quite recent lesions. 

It was not exceptional to find in the same case areas of both old 
and recent infarct, sometimes alternating in the same slide. In the 
infarct, material there were 7 cases of exclusively old infarct, 13 
cases of mixed old and recent infarcts and 27 cases of recent infarct. 

b. The immediate causes of atrial infarcts. 

Recent, occluding thrombi in the main coronnry arteries may 
have been directly responsible for the atrial infarcts observed in 
10 cases (the thrombus was found 9 times in the right coronary and 
once in the circumflex branch of the left coronary). In 1 case there 
was a recent occlusion of the interventricular branch of the left coro- 
nary artery; it is difficult to decide if this finding had anything to do 
with the occurrence of atrial infarction. In 30 of the remaining cases 
coronary arterial sclerosis was prominent, usually with calcification 
of the arterial walls and sometimes distinct stenoses, but no actual 
occlusion. In 14 of these cases old ventricular infarcts and in G cases 
recent ventricular infarcts were also recorded. 

Changes in the atrial branches of the coronary arteries may have 
caused the atrial infarcts in some of these cases.. The author has 
not searched systematically for the presence of obturations in the 
atrial arteries. The arteries visible in the sections available usually 
presented little of actual interest in this respect. 

In some cases, however, (also in several cases without demon- 
strable infarcts) actually obliterated arteries were observed in the 
sections. They were usually trabecular arteries, the external dia- 
meter of which was 0.2 — 0.G mm, as a rule several obliterated arte- 
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ries were observed in the same ease. In some cases the arterial lumen 
was filled up by a solid scar tissue, suggestive of an organized throm- 
bus. In other cases the lumen seemed to have been occupied bv a 
mass of small, clear cells, similar to smooth muscle cells cut trans- 
versely. The author saw this type of (multiple) arterial occlu- 
sion in several cases (the microphotos in figs. 27, 28 are from 
case 144). The author believes personally that this picture repre- 
sents a special type of coronary arterial disease but refrains from 
expressing any opinion of his own regarding its etiology and impor- 
tance, The picture was definitely not similar to any of the types 
of endarteritis described by several authors (v. Glahn & Pappen- 
heimer, Earsner & Bayless, Gross, Rugel & Epstein and others) 
especially in rheumatic heart disease. It is instead somewhat 
reminiscent of the apparatus present normally in some special arte- 
ries (renal arteries, arteries of arterio-venous anastomoses, bronchial 
arteries — as a matter of fact also in some coronary arteries, accor- 
ding to Bucher, 1945) which has been assumed to render possible 
an active occlusion of such arteries (as a physiological activity). 

In 7 cases the coronary arteries were quite normal or there was at least 
only inconsiderable atheromatosis. 

Two of these cases (Nos 144 and 133) had rheumatic heart disease (severe 
aortic stenosis). In both these eases multiple obliterated, small arteries were 
observed in the atrial walls. 

In 2 other cases (Nos 170 and 129) the immediate cause of death was syste- 
mic arterial embolism (left coronary artery in case 129, right femoral artery 
in case 170). Arterial embolism may in these cases have been the cause for 
the atrial infarcts too. 

In the 3 remaining cases (Nos 32, 83 and 130) no immediate causes were 
found for the atrial infarcts observed. Old ventricular infarcts were present 
in 2 of these cases. 

It must be noted here, that most cases of atrial infarction had 
shown definite signs of congestive heart failure for a long time before 
the onset of the terminal illness. This contrasts with the experience 
that a past history of congestive heart failure is comparatively sel 
dom obtained from cases of acute ventricular infarction. In 9 of 
the cases of atrial infarction had congestive heart failure not been 
prominent in the past. In 8 of these cases large, acute ventricular 
infarcts were the main cause of death. Isolated atrial infarcts occur 
red exclusively in cases with long-standing congestive failure. The 
reason may be, that the stress placed on the atrial myocardium by 
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high intra-atrial pressure promotes the development of infarcts 
according to the mechanism discussed on page 10. 


c. The general frequency and distribution of atrial infarcts. 

It lias been generally accepted previously, that atrial infarcts 
are of rare occurence. Cushing and his coworkers maintain an oppo- 
site opinion, noting atrial involvement in 17 per cent of all cases 
of myocardial infarct. 

The author does not know, if the ventricular myocardium in the 
material of Cushing et al. was subjected to the same close scrutiny 
(histologic examination) as the atrial myocardium. In the present 
author’s investigation this was certainly not the case. It is probable, 
that many ventricular infarcts, of an order of size comparable to the 
present author’s atrial infarcts, may escape notice on gross inspec- 
tion. A comparison of the frequencies of atrial and ventricular in- 
farcts observed in the present material would consequently not give 
a correct conception of the relative frequency of atrial infarcts. 

The present author’s material of atrial infarcts was obtained with 
atrial thrombosis as a primary clue. It includes only one case with- 
out mural thrombi. As a matter of fact, cases of atrial infarct with- 
out atrial thrombosis are probably not common. The present author 
has during the course of this investigation examined about 50 cases 
without atrial thrombi, in which a suspicion of atrial infarction seemed 
justified for other reasons, but only the single case mentioned was 
found. It is however probable, that mural thrombi do not appear 
immediately after the onset of infarction. Mallory et al. did not 
observe mural thrombi before the fifth day after the onset of ven- 
tricular infarction. It may be added, that in the series of Cushing 
et al. mural thrombi were registered only in 2 G out of 31 atrial in- 
farct cases. Hie present author’s figures for the general frequency 
of atrial infarcts are thus probably somewhat too low: a number of 
very recent infarcts in particular may have escaped notice (such 
very recent infarcts are, in addition, difficult to recognize even under 
the microscope). 

The following considerations may, however, give an idea of the 
geneial frequency of atrial infarcts. In series A infarcts were found 
in about 1/3 of all cases with right atrial thrombi. In the large autopsy 
material of scries B right atrial thrombi occurred in about 3 per cent 
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of all cases. Consequently atrial infarcts are to be expected at least 
in about 1 per cent of all autopsies in a general autopsy material of 
tlie Uppsala type. The figures refer only to right atrial infarcts, 
left atrial infarcts being too rare to exert any influence on the cal- 
culations. 

The rarity of infarcts in the left atrium is a somewhat surprising 
phenomenon. Of the total number of atrial infarcts published before 
the present study, 52 occurred in the right and 11 in the left atrium, 
and in the present author's series there is only one leftsided infarct 
against 4G rightsided ones. 

To explain this distribution picture Langendorf (who knew 
1 leftsided and 3 rightsided atrial infarcts) pointed out, that an early 
obturation of the right coronary may shut off all the branches from 
this artery to the right atrium, and the subject may yet survive 
sufficiently long to permit a demonstrable infarct to develop. A 
corresponding obturation of the left coronary would in most instan- 
ces be followed by a sudden death. Langendorf is obviously thin- 
king of thrombosis in the left coronary before its bifurcation , though 
this need not necessarily occur, as the ramus atrialis sinister anterior 
according to Spalteholz usually originates from the circumflex 
branch. The relative rarity of thrombi in tbe circumflex branch of 
the left coronary may, according to Langendorf, work in the same 
direction. 

Cushing et al. suggested that the high oxygen content of the blood 
in the left atrium might be of importance. The present author is 
prone to regard this factor as the most important one. It has been 
mentioned that, but for the bad nutrition of the lumen zone, it would 
probably be difficult to detect infarcts also in the right atrium. It 
is furthermore probable, that the lumen zone in the left heart is 
generally broader than that in the right heart. It is finally evident 
that minor lesions (due to local disturbances of the coronary blood 
supply) would not be so rare in the left atrium if there were not 
another factor than the distribution of the coronary arteries to pre- 
vent the appearance of such lesions. 


d. The distribution of infarcts witbin tbe right atrium. 

Only for a restricted number of cases can complete data be given 
for the distribution of the infarcts within the walls of the right atrium. 
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The reason is, again, that the lesions could be recognized with cer- 
tainty only under the microscope, and that the blocks during the 
first period of the investigation were taken with the distribution of 
mural thrombi as a main guide. A convenient procedure for the 
systematical (gross) localisation of atrial infarcts was established 
during the course of the work; it proved desirable to have sections 
representative of at least the following 4 regions: I. the auricular 
appendage. II. the ventromedial part of crista terminalis (with 
the sinus node and “antrum”). III. the lateral wall. IV. the dorsal 
wall + the dorsal half of septum atriorum. The author has seen sec- 
tions from all these regions in 26 infarct cases. 

It is nevertheless possible to distinguish in this material at least 
2 main distribution types of atrial infarcts. 

1. Infarcts in the dorsal wall of the right atrium (region IV), to be 
called dorsal infarcts in this study. In the author’s series there 
were 14 cases of dorsal infarcts. In 6 cases the infarct was restric- 
ted to the dorsal wall, in the remaining cases lesions were found 
in other regions as well. In 12 of these cases there was also a 
recent “posterior” infarct of the left ventricle and in 7 cases a 
recent, occluding thrombus of the right coronary was probably 
the immediate cause of both the ventricular and the atrial in- 
farct. The dorsal infarct of the right atrium can thus usually 
be regarded as a continuation in the atrial walls of the classical 
“posterior wall” type of ventricular infarct. 

2. In the remaining cases, the main lesions were usually found in 
the walls of the auricular appendage, extending more or less into 
the antrum or the lateral wall. Unfortunately, sections to prove 
the freedom of the dorsal wall from infarction are only available 
in 12 of these 33 cases. The liomogenity of this group is thus some- 
what questionable, the author will however use the term ventral 
infarct for this distribution picture. One fact of interest must be 
stressed. Ventricular infarcts, of approximately the same age 
as the atrial infarcts, were present only in 4 cases (3 “anterior 
wall” and 1 “posterior wall” ventricular infarcts). In most cases 
there was no evidence of recent lesions in the ventricular myo- 
cardium. 

It is a somewhat surprising fact, that infarcts in the large myo- 
cardial mass of crista terminalis (cranial part) were found only in 
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4 cases. The myocardium of crista terminals sometimes seemed 
to be spared in cases with extensive infarcts, including most of the 
neighbouring structures. The same can be said about the sinus node 
which was observed in a considerable number of cases. It must he 
pointed out, that the judgment as to pathological changes of the 
sinus node is very difficult. This node normally looks very like a 
fibrous scar, containing scanty remnants of myocardial fibres. “Scar- 
ring of the sinus node” is a finding often referred to in the literature 
as a morphological substrate for disturbances of the sinus rhythm, 
A relative increase in the amount of fibrous tissue was probably 
present in some of the sinus nodes observed (case No. 183 may be 
mentioned as an example) but the myocardial fibres of the node 
were never seen to be totally absent or present considerable signs 
of degeneration. 


Summary. 

The author observed 47 cases with extensive “coronary” lesions in 
the atrial myocardium (labelled “atrial infarcts”) and 33 cases of 
less extensive “coronary” lesions (labelled “minor lesions”). Only 
the cases with atrial infarcts have been the object of a further 
analysis. 

Most cases reported in this investigation had recent infarcts. 
Recent and old infarcts were however often present in the same case. 

Occluding thrombi in the main coronary arteries were in a restric- 
ted number of cases probably responsible for the atrial infarcts obser- 
ved. In most cases actual obturations of the coronary arteries were 
not observed. 

Atrial infarcts were observed in 46 cases in the right atrium and 
in one case in the left atrium. The author is inclined to attribute 
the rarity of left atrial infarcts mainly to the high oxygen tension 
in the blood within the lumen of the left atrium. 

The author observed 2 main distribution types of right atrial 
infarcts: the ventral type represented by usually isolated infarcts 
in the auricular appendage and adjacent parts of the atrial wall and 
the dorsal type, to be regarded as the atrial part of a large infarct 
area, the main part of which was represented by “posterior wall 
infarcts of the ventricles. 



CHAPTER IX. 

Symptoms of atrial infarcts during life, 
a. General considerations. 

It was stated in chapter VII that atrial infarcts (if searched foi) 
are not exceptional findings at autopsy. They are usually not very 
conspicuous lesions. In most cases there was little reason to assume, 
that the atrial infarcts were fatal in themselves. The conclusion 
may seem justified, that most subjects contracting an atrial infarct 
survive. Consequently atrial infarcts might be expected to be rather 
common in a clinical material. 

An objection may be raised against this reasoning. In the autopsies 
atrial infarcts often have the character of complications of other 
affections (e. g. ventricular infarcts) which are to be regarded as 
main causes of death. It is possible that atrial infarcts mainly occur 
in such combinations, sharing the bad prognosis of the main dis- 
ease. In addition it may be mentioned, that signs of vitiated atrial 
function are said to indicate a bad prognosis in cases of ventricular 
infarct. Auricular fibrillation is thus definitely an unfavourable 
sign in cases of ventricular infarct (Master, Dack & Jafee, Askey 
& Neurath) and it has been mentioned, that Bloom & Gilbert 
attributed a similar importance to high P-waves. 

Old, scarred infarcts are however common in the present author’s 
material, and they would probably have been still commoner, were 
it not for the quick metamorphosis of fungiform thrombi, the rem- 
nants of which are usually hardly recognizable with the naked eye. 
Consequently the author believes that atrial infarcts should often 
be met with in clinical work. Signs to be attributed to atrial in- 
farcts have however seldom been recorded previously. There are 
two possible explanations of this fact: the signs of atrial infarcts 
must either be very inconspicuous or manifest themselves in a quite 
unexpected way. 

There are some a priori reasons for the first assumption. It must 
be stressed once again, that atrial infarcts seldom attain the size 
of ventricular infarcts. Ventricular infarcts corresponding in exten- 
sion to most atrial ones present a clinical picture which is not clearly 
defined. Cases presenting only such (usually neglected) lesions are 
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as a rule classified clinically into the somewhat diffuse diagnostic 
groups of “coronary insufficiency” or “coronary sclerosis”. The 
small, disseminated infarcts regarded by Buechner and his school 
as the anatomical substrate of simple attacks of anginal pain, corre- 
spond well in size to some of the present author’s atrial infarcts of 
the disseminated type. 

Consequently, there is little reason to expect considerable general 
reactions (e. g. fever, leucocytosis, hyperglycemia etc.) in cases of 
atrial infarction. Such signs null be described very briefly in the fol- 
lowing survey. The clinical diagnosis of atrial infarction must pro- 
bably be based exclusively on local signs from the atria themselves 
(e. g. disturbances of the heart rhythm and changes in the atrial 
part of the ECG). 

Unfortunately, the author had to start from an autopsy material 
and to search post mortem for clinical signs in the hospital records. 
The information gained in this way was often very defective for the 
purpose in hand. Special diagnostic methods could not be employed, 
as it was only during the later period of the investigation that the 
author was able to define any criteria which might justify a suspi- 
cion of atrial infarcts ante mortem and even these were seldom satis- 
fied. Most of the clinical findings discussed in this chapter are thus 
observations in solitary cases, and usually the author can only sug- 
gest, but not prove that they were signs of the atrial infarcts observed 
at the autopsy. They may however be used as starting points for 
future contributions to the symptomatology of atrial infarction. 

b. The past history, the immediate complaints and the ge- 
neral clinical picture. 

It lias been mentioned tliat extensive coronary sclerosis was pre- 
sent in most cases of atrial infarct. It may be added, that most of 
them had also a definite arterial hypertension (hypertension was 
considered to be present if the systolic pressure was higher than 
200 mm Hg or the diastolic pressure higher than 100 mm Bg in one 
reading). It can be said generally that there was nothing to dis- 
tinguish the past histories in the atrial infarct cases from those of 
average cases belonging to the diagnostic groups of coronary sclero- 
sis and hypertensive heart disease. 

There was some justification for distinguishing two types of P as * 
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history in the material of atrial infarct cases. Most cases had a his- 
tory of long-standing, congestive heart failure (in 29 cases seveie 
congestive failure with high grade dyspnea, liver engorgement or 
manifest peripheral edema had been definitely present for at least 
6 months before death). Most of these cases had “ventral” infarcts, 
usually situated in the auricular appendage, and no recent ventri- 
cular infarcts. In a smaller group there had been little or no signs 
of congestive failure previously (9 cases), of these cases 8 had “dor- 
sal” atrial infarcts, to be regarded as continuations of coexisting 
ventricular infarcts of the “'posterior wall” type. 

It is possible that the use of mural thrombi as indicators of atrial 
infarcts is responsible for a too high incidence of advanced conges- 
tive failure in this material. There is, at any rate, little reason to 
attribute the presence of congestive failure to the atrial infarcts, 
a reverse causal sequence is more probable. In some cases a rapid 
aggravation of the congestive failure coincided with the onset of 
auricular fibrillation some weeks before death. The part which atrial 
infarcts may have played in this course of events will be discussed 
later on. 

As a regrettable effect of the post mortem character of this material 
the immediate complaints, which brought the patient to the hospi- 
tal, could usually not be directly attributed to the atrial infarcts. 
The same can be said about the main features of the clinical syn- 
drome ante mortem. As regards the dominating clinical picture the 
cases can be classified in the following way: 

Congestive heart failure 16 cases 

Syndrome of acute ventricular infarct 16 cases 

Cerebral accidents (usually cerebral embolism) 5 cases 

Other systemic embolism 2 cases 

Pulmonary embolism 4 cases (Pulmonary infarcts were present 
as less striking findings in 3 additional cases with congestive 
failure) 

Uremia 2 cases 

Lung abscess 1 case 

Myeloma 1 case 

If there existed any independent clinical syndrome of atrial in- 
farction it obviously had but a little chance of making its voice heard 
m the mighty symphony of such alarming and impressive terminal 



80 


syndromes. Some general signs, which are known to he helpful in 
the diagnosis of ventricular infarcts (fever, leucocytosis, raised sedi- 
mentation rate, hyperglycemia), were present in many cases of 
atrial infarct, but there is no case in which they could not be attri- 
buted to other coexisting disease as well. It is consequently of no 
purpose to give a complete account of the occurrence of such sips. 

Persistent anginal pain of the classical infarct type was recorded 
only in cases with coincident ventricular infarcts, and there was 
nothing peculiar in these cases about the site of the pain or with 
its irradiation. Some cases without recorded ventricular infarcts had 
experienced transitory anginal pains (usually with the character 
of effort angina) during the months before death, hut there is no 
special -reason to assume, that these pains ivere necessarily derived 
from the atria. On the other hand, in 20 cases of atrial infarcts, 
many of which had extensive lesions, nothing is mentioned about 
anginal pains in the reports. It thus seems justifiable to assume, 
that anginal pains do not constitute an important feature in the 
clinical picture of atrial infarction. 

As a matter of fact it was often possible, on going through the 
hospital records, to note some incident, which may have been related 
to the onset of the atrial infarct (rise in temperature or heart rate, 
diffuse pains, usually in the epigastrium or an unexpected aggra- 
vation in the general state of the patient). But no such sign occurred 
with sufficient constancy to merit special mention as a probable 
sign of the onset of the atrial lesions. 


c. Atrial infarcts and auricular fibrillation. 

Local signs would be expected to give a better clue for the diagno- 
sis of atrial infarcts. Owing to the remote position of the atria such 
local signs are to be expected only in electrocardiograms. There 
is however one sign of disturbed atrial function which may be diag- 
nosed with some degree of accuracy even without ECG’s, viz. aun- 
cular fibrillation. 

It is commonly accepted, that ventricular fibrillation is the cause 
of sudden death in many cases of ventricular infarction. As a con- 
sequence it may seem reasonable to expect, that auricular fib) illa- 
tion may be a consequence of atrial infarction. Cushing et al. in- 
clude auricular fibrillation in the “abnormalities of the auricular 
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mechanism”, which represent, according to these authors, the most 
reliable clue to the diagnosis of atrial infarction. The present author 
has made the same suggestion in a previous paper (1945). 

It is important to realize in this connection, that auricular 
fibrillation in itself is a purely functional disorder. One may ex- 
pect that the effect of atrial infarcts might be only an increased 
disposition for auricular fibrillation, and the actual development of 
fibrillation must not be an immediate consequence. 

Auricular fibrillation was however surprisingly seldom present 
in the cases of atrial infarction published previously. Among 33 
cases in the literature, in which the heart rhythm was noted, only 
11 (33 per cent) had auricular fibrillation. This is no high incidence, 
compared with the fact, that in the present author’s series B auri- 
cular fibrillation was present in 39.3 per cent of all cases dying of 
heart disease. It may be added, that a real auricular fibrillation has 
never been observed as a consequence of experimental atrial infarction. 

In the present author’s material of atrial infarcts, the incidence 
of auricular fibrillation is rather high. If some cases are included, 
in which the diagnosis of auricular fibrillation was made clinically 
(without ECG), transitory or permanent fibrillation was observed 
before death in 26/47 or 55.3 per cent of the cases. It must however 
be pointed out, that among GO cases with right atrial thrombosis, 
in which no infarction or even “minor lesion” was found, 34 or 56. 7 
per cent had auricular fibrillation. The high incidence of auricular 
fibrillation in the present author’s material of atrial infarcts may 
simply be due to the fact that it was collected mainly on the basis 
of the presence of atrial thrombi. 

It has been mentioned, that chronic congestive heart failure was 
present in most cases of atrial infarction. There is consequently 
reason to believe, that many atrial infarcts develop in cases with 
pre-existing, chronic fibrillation. 

In order to segregate such cases the author divided the cases with 
fibrillation into 2 groups. If fibrillation (as a constant or transitory 
condition) had appeared during the last 2 months before death it 
was defined as acute fibrillation. If it had been constantly present 
(to judge from the hospital records) during more than 2 months before 
death it was labelled chronic fibrillation. 

According to these definitions chronic fibrillation was present 
with certainty in 12 of the infarct cases; in most of them it had pro- 
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bably been present tor several years. Though old infarct scars were 
found in some of these cases, auricular fibrillation could at any rate 
not be regarded as a sign of the recent infarcts present in most cases 
belonging to this group. 

In 4 cases no information was available as to whether the fibrilla- 
tion was acute or chronic. 

In the remaining 10 cases could it be established with certainty 
that the fibrillation had first appeared during the last 2 months 
before death. Thus, of 31 cases which probably had regular rhythm 
before the infarction 10 (32.3 per cent) developed auricular fibril- 
lation during the following 2 months, possibly as a consequence of 
the infarcts observed post mortem. Corresponding figures for the 
cases with right atrial thrombi but without infarcts in the atrial 
walls were: 32 cases starting with regular rhythm, 6 of which deve- 
loped auricular fibrillation (18.8 per cent). There is thus a higher 
incidence of recent auricular fibrillation in the series with infarcts 
than in the series without infarcts but the difference is not statis- 
tically significant (13.5 + 10.9 per cent). It is possible that a signi- 
ficant difference could be demonstrated in a larger material. 

It would be interesting to know if a disposition for auricular fibrillation 
may be related to the localisation of the infarcts. The author’s material is too 
small to permit safe conclusions on this question. It may however be men- 
tioned, that auricular fibrillation developed in 7 out of 19 cases labelled as 
ventral infarcts and in 3 out of 12 cases of mainly dorsal infarcts. 

The author concludes from this discussion, that atrial infarcts 
may, in some instances, induce auricular fibrillation, although sig- 
nificant evidence for this assumption is not to be obtained from the 
present material. It is at any rate evident, that auricular fibrilla- 
tion is a sign of little practical value for the diagnosis of atrial in- 
farction during life. 

As a matter of fact, auricular fibrillation did not develop in 2/3 
of the cases, which had regular rhythm at the time for the onset of 
the infarction. Atrial infarction may thus be one of the factors res- 
ponsible for the (relatively) high incidence of right atrial thrombi 
in cases with regular sinus rhythm. 

d. EGG findings in the cases with atrial infarcts. 

One could finally expect to find some conclusive signs oi the atrial 
infarcts in the BCG’s. Unfortunately, ECG’s in which such signs 
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were really to be expected are available only in a restricted nurnbei 
of cases. 

In 11 cases no BCG bad been taken. In the remaining cases ECG s 
from the last 2 months before death are available in 32 cases. In 
16 cases only one ECG had been taken during this period, in 16 cases 
several ECG’s had been taken and in 14 cases ECG’s are available 
both from the terminal period mentioned and from earlier periods. 
In 11 cases auricular fibrillation only had been registered. These 
ECGs can obviously offer little of interest for an analysis of the 
atrial part of the ECG (an exception is case 27, which will be com- 
mented on under the heading Picture of “double command ’). There 
remains thus 31 cases, in which ECG’s with visible P-waves are avai- 
lable from the last 2 months. Lesions, which may have arisen during 
these 2 months before death, were present in all these cases except 
for one (case 1S3) in which exclusively old lesions were found. This 
case is to be described under the heading “Duration of the P-Q in- 
terval”. 

In most ECG’s little of special interest could be observed. Obser- 
vations of some importance were, however, made in a restricted 
number of cases. They will be described individually in the following 
paragraphs. 

Picture of “ double command”? 

In case 27, ser. A, hypertension and congestive heart disease had been pre- 
sent at least 5 years before death. The patient died with the clinical picture 
of congestive heart disease. Autopsy showed left ventricular hypertrophy, 
moderate coronary atheromatosis, an infarct scar in the dorsal wall of the 
left ventricle and a mainly recent infarct in the trabeculatcd part of the right, 
atrium (“ventral infarct”). Auricular fibrillation had been recorded 5 years 
before death. In an ECG taken 2 days before death there is apparently also 
auricular fibrillation but in addition a series of small, P-like deflections are 
registered occuring with rather regular intervals (about O.S sec.) quite inde- 
pendent of the ventricular complexes (fig. 29). 

The picture suggests the possibility of a “double command” of 
the type described by Coxdorelta (1928) ns n consequence of liga- 
tion of the interventricular branch of the left coronary in dogs. 
CoNDORELiii observed sinus rhythm in the right atrium, coexisting 
with fibrillation in the left atrium. He assumed that the phenome- 
non was due to a deficient coronary blood supply to certain myocar- 
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dial structures in the atrial septum, uniting the myocardium of the 
right and the left atrium. 

The author is, however, always wary of such “double command" 
ECG-’s in man. They are often only artefacts, occurring if some 
other person touches the patient when the EGG is recorded. The 
ventricular complexes of the attendant may then appear as an in- 
dependent series of “P”-waves in the ECG. There is no special reason 
to assume such a mechanism in this case but the author was not 
present when the ECG was taken and cannot exclude this possi- 
bility. 

Disorders in the atrial rhyllnn. 

Apart from auricular fibrillation, atrial arrhythmias were sur- 
prisingly seldom noted in the BCG’s. Atrial premature beats were 
observed in 2 cases. There was no case of indubitable auricular 
flutter. 

This diagnosis might however be discussed in case No. 32. There was in 
this case a massive, recent infarct in the lateral part of the right auricular 
appendage. Regular ventricular tachycardia without distinctly visible P-waves 
was present in 2 ECG’s taken 9 and 8 weeks before death. No distinct P-waves 
were present, but they may be hidden in the ventricular complexes. The ventri- 
cular rates were 110 and 120/min. The available ECG's permit in this case 
no definite judgement. 

Sinu-auricular block of the classical “dropped beat” type was 
not observed. The author finds this fact worth mentioning for two 
reasons. The first one is, that dropped beats are not uncommon 
in cases of ventricular infarct (observed in 12/372 cases in series 0), 
suggesting an extension of the infarct to the atria. The second reason 
is, that infarcts were often found in the surroundings of the sinus 
node (though apparently respecting the node itself). 

Some observations in case 152 may be discussed in this connection. There 
was in this case a recent infarct in the lateral wall of the right atrium and ol 
infarcts in the auricular appendage. Nine ECG’s were taken during 6 rnoni s 
before death. In some ECG's low P-waves were present, sometimes they were 
barely visible and in 2 ECG’s (the last one taken 5 weeks before death) no 
P-waves at all could be observed. The ventricular rhythm was regular in 
all ECG’s except for the presence of ventricular premature beats. The a 
sence of P-waves in some of the ECG’s may be explained in several 
inter alia as the consequence of a sinu-auricular block (“auricular stnndsti 
In view of the extremely indistinct P-waves, which were registered in some 
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Fig. 3(1. Ser. A, ense 152. Multiple infarcts of varying ago in the riglit atrium. 
During (> months before (loath ECG’s without visible P-waves (A) lmd alter- 
nated witii ECG’s with barely visible P -waves (B). 


ECG’s (see fig. 30) the author is inclined to assume, that the “nearly” invisible 
P -waves present in some of these ECG’s may in other ECG’s simply be “quite” 
invisible. The ease should then only be an illustration to the tendency for low 
P- waves in atrial infarcts discussed in the following section. 

The P-tvaves. 

Striking abnormalities or actual changes in the contour of the 
P-tvaves were as a rule not observed. The P-tvaves were sometimes 
of normal amplitude but often definitely low in all leads. High P- 
waves of the type described by j\Iaster and other authors (p. 16) 
were at any rate not observed. It may be added, that high P-tvaves 
were seldom observed even in series C. 

An observation regarding the P-waves in case No. 137 should be 
specially commented on. 

Tins case tvns the only one of extensive left atrial infarct. Arens of infarct 
were found in the auricular appendage and in the lateral wall of the left atrium. 
There were in addition multiple infarcts in the ventricles, inter alia a recent 
one in the lateral wall of the left ventricles. Inveterate, occluding thrombi 
were found in the right coronary and in the interventricular branch of the 
left coronary and a recent thrombus was present in the initial segment of the 
circumflex branch of the left coronary. 

This patient had during some years before death been treated several times 
in this hospital under the diagnosis acute myocardial infarction. There had ah 
ways been distinct and pointed P-waves in lead I in numerous previous ucu < 
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Fig. 31. Ser. A. case 137. Left ntvinl infarct. Earlier the P -waves in lend I 
were always marked (A). During the weeks before dentil they became indis- 
tinct (B). 


including one taken 5 months before death, but in 2 ECG's taken during t he 
month before death the P-waves of lead I were low and rather indistinct (fig. 

31). 

It has been mentioned (chapter IV) that the P-wnvcs of lead I are regarded 
by some authors ns representing mainly action potentials from the left atrium. 
A lowering (“loss of potentials”) of the P-waves might theoretically well be 
due to atrial infarction and the finding in case 137 is consequently of some 
interest. It must however, be admitted, that the change in the contour of the 
P-waves may also have been brought about by other factors than the atrial 
infarct present. 

Duration of the P-Q ( P-R ) interval. 

Changes in the duration of the P-Q interval should theoretically 
reflect disturbances in the atrio-ventricular conduction mechanism. 
Both atrial and ventricular lesions may produce such disturbances 
and an attempt to differentiate the effects of atrial and ventricular 
lesions in cases of A-V block would be a very laborious enterprise 
of little practical interest. It may however be mentioned, that A-V 
block of different degree was present in 3 cases of atrial infarct (cases 
No. 166, 169 and 181). Infarcts were present in the dorsal walls 
both of the atria and the ventricles in all these cases. In another 
case (No. 152) was it difficult to decide if A-V block was present or 
not because of the indistinct P-waves. 
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Abnormally short P-Q intervals arc, however, of a certain interest 
in this connection. 

The present author described in a previous paper (1943) some 
cases of ventricular infarct with a short P-Q interval and positive 
P-wavcs. The author regarded a P-Q interval below 0.12 as certainly 
abnormal in the age groups in which coronary heart disease is com- 
mon. In a material of 184 cases of myocardial (ventricular) infarct 
the author observed 10 cases with such a short P-Q interval. Some 
ECG’s of this type arc reproduced in fig. 32. Special observations 
in the ECG’s from some of these cases made the author suspect 
that the short P-Q interval might reflect an extension of the infarc- 
tion to atrial structures. 

As a matter of fact, the search for an anatomical proof of this 
hypothesis was the starting point from which this study developed. 
The hypothesis was based on the following theoretical considerasions. 

Short P-Q intervals may simply indicate a quicker passage than 
usual of the impulse from the atria to the ventricles. This is pro- 
bably the case in the WPW syndrome (p. 17). In other cases must 
it be assumed that the reduction of the P-Q interval is due to a rela- 
tive retardation of the activation of the atria, 'relative as compared 
with the activation of the ventricles. 

Nodal rhythm represents the classical example of such a condi- 
tion. If the nodal impulse center is situated not too far from the atrial 
extremity oi the A-V system, then the P-wavcs may appear before 
the ventricular complexes and a short P-Q. result. Nodal rhythm 
occurs when there is some hindrance for the passage of the sinus 
impulse to the A-V node, or if the rate of the sinus automatism is, 
for some reason, slower than the inherent rate of the nodal automa- 
tism. Atrial infarcts could theoretically cause both conditions. 

It is accepted in most textbooks, that in nodal rhythm the P* 
waves are usually negative. According to Rothbergbr & Scherv 
this feature is, however, nob invariable. 

In the cases described by the present author, the P- waves were 
positive, or at least not negative in most leads. Nodal rhythm seemed 
for that reason not to represent a satisfactory explanation of the 
short P-Q interval. The picture was definitely not that of the V 
syndrome (no A-wave). It seemed improbable that acceleration o 
the passage of the impulse though the A-V system could be causer 
by myocardial infarction. Another explanation was however possible- 
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Fig. Other examples of short P-Q intervalsin oases of ventricular infarcts 

from series C. 

A. Snlilgrenska pjuklmsef, Medical department I, liotp, record 3401/1041. Autopsy: recent in- 
farcts In ventral nml dorsal avails of both ventricles. No mention of tin: atria In’ the routine 
autopsy protocol. 

13. Snlilgrenskii sjuklmsct, medical department I, liosp. record 1010/104:3. This patient sur- 
vived. 

C. Akadcmiska sjuklmsct, medical clinic, liosp. record iiSI/1037. Autojwv: large, recent In- 
farct of the ventral wall of the left ventricle. Mural thrombosis of the left atrium. 


In 2 of these cases the author observed atrial premature beats 
of a definitely unusual type. In one case they were followed by an 
exact' compensator!/ pause, in the other case they were actually inter- 
polated. To judge from its undisturbed activity the sinus node had 
obviously not been reached by the impulse of the premature beats, 
these observations made the author assume the presence of a zone 
of blocking (13 in fig. 33), preventing the cxtrasystolic impulse (as- 
sumed to arise in the main part of the atrium) from reaching the 
sinus node. The same zone of blocking could also be assumed to 
retard the passage of the normal sinus impulse to the main part of 
the atrium. If there was no obstacle for the passage of the sinus 
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Fig. 33. Diagram to the theory of short P-Q in- 
terval caused by an intra-atrial zone of blocking. 

At annulus fibrosus, A-Vn A-V node, I! zone of blocking, 
D\v dorsal wall of the right atrium, S sinus node. 


impulse to the A-V system (through the dorsal wall — D. W. in fig. 
33) then the zone of blocking would account also for the short P-Q. 
interval. The mechanism assumed is similar to that of short P-Q 
in nodal rhythm: a delayed activation of the main part of the atrial 
myocardium, coinciding with a normal conduction time from the 
sinus node to the ventricles. 

Similar effects of intra-atrial conduction disturbances had earlier 
been noted in animal experiments by Rothberger & Scherf and 
by Condorelli (1929). Spuehler (1939) was the first to suggest this 
mechanism to explain short P-Q intervals observed clinically. 

The present author suspected, that the zone of blocking assumed 
to be present in the cases mentioned might be a myocardial infarct 
in the right atrium. Theoretically, such an infarct should include 
a considerable part of crista terminalis, along the ventral margin 
of the sinus node, but leave some part of the dorsal wall undamaged 
to permit the passage of the sinus impulse to the A-V node. 

There is only one case with a short P-Q interval in series A, hut 
the anatomical findings in this case were very instructive. 

The ease was a diabetic woman who was 51 years old when she had a typical, 
acute ventricular infarct of the Tin type. There had been no other conspi- 
cuous signs of coronary disease in her past history and she survived the infarct 
for 12 months before she died from crural gangrene, probably caused by a 
local arterial thrombosis. During the period of the acute infarct the P Q 
time was 0.10 — 0.11 sec. and in the last ECG, taken 3 weeks before death, 
0.12 sec. (fig. 34). Unfortunately no ECG from the time before infarction is 
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34 Short P-Q intervals in a ease of atrial infarct (Scr. A ca30 183). Discussion on 
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availible. The P-waves were during the period of the acute infarct rather in- 
distinct. In the first ECG, taken about 24 hours after the begin of the si atm 
anginosus they were negative in lead I but positive in leads II, III and IV 
(fig. 34 A), but in an ECG taken 3 days later (fig. 34 B) the P-waves were 
positive in lead I and remained so in numerous ECG’s from the following time. 
The transitory occurrence of negative P-waves might justify the assumption 
of a simple nodal rhythm in this case. They were however negative only in 
lead I and the fact that they soon became positive (without any change in 
the duration of the P—Q-interval) made the author assume that the case was 
analogous to the other cases of myocardial infarct and short P— Q interval 
which have been discussed in this section. 

Though the infarct was thus 12 months old at the time of death, the au- 
topsy findings were unusually simple and plain. In general there was only 
moderate coronary atheromatosis, but a distinct stenosis of the right coronary 
(old thrombus) and a large scar in the dorsal part of the ventricular septum. 
The remaining ventricular myocardium was fairly normal. Nothing abnormal 
could bo seen in the atria with the naked eye except for pericardial fibrosis, 
but under the microscope old organized thrombi were found in the right atrium. 
Numerous old infarct scars were found disseminated in the trabeculated part 
of the right atrium. The myocardium of crista terminalis was transformed 
into a solid fibrous scar from the level of “antrum” and at least 3 — i cm later- 
ally. The sinus node was not destroyed and the structure of its medial part 
was fairly normal; a certainly pathological scarring was observed in its lateral 
part. The massive sear in crista terminalis was situated between the sinus 
node and the myocardium of the main part of the atrium, but in the struc- 
tures uniting the sinus node with the A — V system (Torus Loweri and the 
dorsal part of the septum atriorum) only small scars were found. 


The anatomical findings in this ease thus fit in rather well with 
theoretical assumptions. The rarity of massive infarcts in the crista 
terminalis makes the coincidence particularly striking. It must 
however be admitted that the anatomical findings do not rule out 
the possibility of a nodal rhythm. Still another possible explana- 
tion for the short P-Q in case 183 will be discussed in the next sec- 
tion of this chapter. 

The findings do at any rate constitute definite evidence for the 
author’s assumption that an abnormally short P-Q in cases of coro- 
nary” heart disease may indicate the presence of myocardial infarct 
in the right atrium. It is of a certain importance not to mistake this 
type of short P-Q in “ coronary ” heart disease for the short P-Q 
the WPW syndrome, a syndrome that may sometimes present a 
clinical picture closely similar to that of acute myocardial infarc- 
tion. 
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Ta-wave and P-Ta level. 

Displacements of the P-Ta levels were not common findings. A 
depression of the P-Ta's — to be regarded as significant in accor- 
dance with the discussion on p. 36 — was never observed in the cases 
of atrial infarcts. The author searched for depressed P-Ta’s in the 
series B and C also but a really striking and definitely significant 
depression was only observed in 2 cases with right atrial thrombi 
and 2 cases with ventricular infarcts. They were all found in leads 
II — III. Naturally, the author cannot say whether atrial infarcts 
may not have been present in some of these cases; however the low 
incidence justifies the assumption that a depression of the P-Ta 
level is not a common consequence of atrial infarcts. 

Elevated P-Ta levels were, on the other hand, present in some cases 
of atrial infarct. 

An elevation of the P-Ta level in leads II and III is evident in an 
ECGr from case 166 (fig. 35 A), which was taken 2 days before death. 
The condition is made especially evident by the presence in this case 
of a 2/1 A-Y block. The P-Ta has the character of a long slope, that 
may be traced to at least 0.30 sec. from the beginning of the P-waves, 
a figure of the same magnitude as the normal P-Ta interval (chap- 
ter IY). The same sloping P-Ta’s were found in an ECG taken the 
day before death. At autopsy a recent, occluding thrombus was 
found in the right coronary near to its origin, there was an extensive 
‘‘posterior wall” infarct of the left ventricle and a not very exten- 
sive, recent infarct in the dorsal wall of the right, atrium, confined 
to the smooth-walled “sinus”-part. 

Similar, but less pronounced elevations of the P-Ta levels, at least 
in lead III were observed in 3 additional cases (ser. A case 169, IS! 
and 196). They were all cases of recent “dorsal” infarcts of the right, 
atrium, combined with recent “posterior wall” infarcts of the ven- 
tricles. All died within 4 days after the onset of the infarct. Case 
169 (tig. 36 A) had a recent thrombus near the origin of the right, 
coronary and developed a 2/1 A-V block the day before death. In 
case 181 (fig. 35 C) a stenosis of the right coronary was the only 
finding which might explain the infarctions. Auricular fibrillation 
developed the day before death. Case 196 had a recent thrombus, 
occluding the right coronary 1 cm from its origin. Neither A-V block 
nor auricular fibrillation were recorded before death, but there was 
an elevation of the P-Ta in lead III amounting to 0.5 mm. 
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Fig. 35. Elevated P-Ta levels in leads II — III. 

A. Ser. A case 1GG. Recent infarct in the dorsal wall of the right atrium. medical 

B. Similar ECG from a case of posterior wall infarct in scries C (Sabbatsbergs s) , tnI)SV 

department II, hosp. record 5G2/1942). No reference to the atria m the routine . i 
protocol. 

C. Ser. A case 181. Recent infarct in the dorsal wall of the right atrinm. 
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Fig. 3G. Slightly elevated P-Tn levels in lend III. 

A. Ser. A case 109. Recent infarct in the dorsal wall of the riel it atrium. 

li. and C. Simitar findings in cases with posterior wall Infarction from series C (Ahadcmiska 

sjukhuset, medical clinic, hosp. records 1800/193S and 09/1033). 

Autopsy to JJ: large, posterior wall infarct, thrombus near (lie origin of f ho rigid roronary, no 
mention of the atria. 

Autopsy to C: no coronary thrombosis, otherwise ns II. 
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At first the author regarded the findings in case 166 as quite excep- 
tional. However, on searching through the cases of series C the 
author found another 5 cases with a corresponding elevation of the 
P-Ta levels in lead III (sometimes also in lead II). All these cases 
also had recent ventricular infarcts of the T m type (figs. 35 B 
36 B and 36 C). All cases died some days after the onset of the in- 
farct, and the autopsies invariably showed extensive “posterior 
wall” infarcts and (in all but one case) recent occluding thrombi 
near the origin of the right coronary. Information regarding possible 
atrial lesions could not be obtained from the autopsy reports. 

It may finally be mentioned, that the same picture is present in 
an ECG- representing “posterior wall infarct and complete auriculo- 
ventricular block” reproduced on p. 229 in the textbook on Cardio- 
vascular Disease by Schere and Boyd (1947). 

The present author has never seen elevated P-Ta levels in leads 
II — III in cases other than the ones just mentioned. Most of them 
had a recent thrombus near the origin of the right coronary, “poste- 
rior wall” infarcts were present in all cases and in 4 cases infarction 
could actually be demonstrated in the dorsal wall of the right atrium 
as well. The picture is sufficiently uniform to justify the conclu- 
sion, that an elevation of the P-Ta level in lead III { and lead II) is 
a sign of infarction in the dorsal ivall of the right atrium. 

The EGG picture in fig. 36 C suggests another explanation of the 
“short P-Q in coronary disease” than the one proposed on p. 89. 
It is possible that some such cases represent the combination of 
very low P-waves and elevated P-Ta’s in leads II — III. The elevated 
P-Tas could be mistaken for P-waves and the P-Q would conse- 


quently seem abnormally short. 

There is an obvious analogy between the ECG findings in the 
dorsal infarcts of the right atrium and the T m type of ECG in pos- 
terior wall” infarcts of the ventricles. It was tempting to try to 
extend the analogy and search for an elevation in lead I or in chest 
leads in the cases with a ventral distribution of right atrial infarcts. 


Such elevations were noted in 2 cases (ser. A case 113 and 132) at 
a closer scrutiny revealed that they were only apparent ones and 
due to the presence in lead I of a negative U-wave (see p. 37). 
Similar ECGs were found in 5 cases in series C, but negative U-v a\ es 
proved to be the probable explanation in these cases also. An atrial 
analogy to the ECG picture of the T x type of ventricular infarcts 


was thus not observed. 
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Summary. 

It lias not been possible to deduce from this material any general 
clinical signs, which might be regarded as typical of atrial infarc- 
tion. , 

Anginal pain proved to be no common or important sign of atrial 

infarction. 

Auricular fibrillation was present in about half the cases of atrial 
infarction. In many cases had it been present before the onset of 
infarction. Auricular fibrillation developed in about 1/3 of the cases 
which had regular rhythm before the infarction. On the other hand, 
auricular fibrillation developed, under comparable conditions, also 
in many cases without atrial infarcts. It is thus at any rate a sign 
of too little specificity to be of any value for the clinical diagnosis 
of atrial infarction. 

Other atrial arrhythmias were seldom observed and without any 
interest for diagnosis. 

Some observations were made in the atrial part of the ECG repre- 
senting more or less reliable signs of atrial infarction. 

Elevated P-Ta levels in leads II and III were observed in some 
cases with infarcts in the dorsal wall of the right atrium. There is reason 
to assume that this ECG picture is diagnostic for dorsal infarcts 
of the right atrium. 

There is reason to assume',' that the ECG picture of abnormally 
short P-Q intervals and positive P-wavc may be a sign of infarction 
in the right atrium. 

The P- waves were sometimes of normal form and amplitude, but 
in many cases they were low or even indistinct. Conspicuous changes 
in the contour of the P- waves were seldom observed in this material. 
Certain conclusions of general interest for the diagnosis of atrial 
infarction could not be derived from the appearance of the P-waves. 

Add end u m. 

In a paper, which appeared during the printing of this work, 
IL Hellerstbin (Am. Heart J. 36: 422, 1948) has described a case 
of infarct in the dorsal walls of both atria. He l per s te r x observed 
m this case elevations of the P-IVs in leads II and III quite 
similar to the ones described in the authors case H5G (p. 93). 


/ *18757 Kifa Soderstrom 
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General Summary. 


The original purpose of this investigation was that of studying 
myocardial infarcts in the atria of the heart, starting from cases in 
which the diagnosis had been made at autopsy. Atrial mural thrombi 
were used as indicators for the tracing of atrial infarcts. The author’s 
main material thus comprises a series of 192 autopsy cases with 
atrial thrombi, some of which had arisen on the basis of atrial in- 
farcts. As a consequence of this method of sampling the etiology of 
atrial thrombosis has also become a central topic of the present study. 

The main results and viewpoints which have been accounted for 
in this study may be summarized as follows. 

The reasons for the high incidence of myocardial infarcts in the 
left ventricle are discussed in Chapter I. The author ventures to 
suggest that infarcts in other parts of the heart are often overlooked. 

A review of earlier literature on atrial infarction is given in Chapter 
II. It may briefly be stated here, that most authors regard atrial in- 
farcts as exceptional. Very little is known about the clinical picture 
of such lesions. 

A short account for the authors material and methods is given in. 
Chapter III. 

Some pertinent data regarding the anatomy and physiology of the 
atria are given in Chapter IV. The author should like to stress the 
following statements, which are little known and important for the 
main scope of this study. 

1. The trabeculated part of the atrial wall occupies a much larger 
part of the inner surface in the right than in the left atrium. 

2. The author describes a complicated system of contiguous recesses 
(auricular sinus) as typical of the right atrium. The auricular 
sinus play an important role in the development of thrombi in this 
chamber of the heart. 

3. Numerous possibilities for extra-coronary nutrition of the thin 
atrial walls make the atrial myocardium less dependent on the co- 
ronary blood supply than the ventricular myocardium. 

The etiology of atrial mural thrombosis is discussed in Chapter 
V. The discussion is based on morphological (gross and histological) 
observations in the main material ( series A, 192 cases with atrial 
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thrombi) and, in addition, on a statistical analysis of a material of 
382 cases of atrial thrombosis, registered during the years 1936 - 
1915 at the University Institute of Pathology in Uppsala (series B). 

The author concludes from a preliminary discussion that stag- 
nation factors and wall lesions may both he of importance for the 
formation of atrial thrombi. However, the importance of stagnation 
factors is easily overestimated and there is reason to belie\ e that les- 
ions of the atrial wall may be decisive in the formation of most atrial 
thrombi. Little is known, however, about the types and the frequency 
of such wall lesions. The following observations were made in the 
author’s materials. 

Left atrial thrombi were especially common in cases with rheuma- 
tic heart disease. Two fairly well-defined types of left atrial thrombi 
could be distinguished. Recess thrombi were usually rounded, 
simple clots occurring in the left auricular appendage. Surface 
thrombi were broadly fixed to the endocardium of the smooth- 
walled part of the atrium and had a peculiar general structure (cha- 
racterized by the term “callous thrombi”). A mural endocarditis 
(probably a manifestation of rheumatic heart disease) was found 
beneath most surface thrombi. Conspicuous wall lesions were seldom 
found beneath recess thrombi. 

Right atrial thrombi were somewhat commoner than left ones. 
They were particularly common in cases with coronary heart disease 
and were usually not differentiated into types corresponding to those 
of left atrial thrombi. The caracteristic appearance of extensive 
right atrial thrombi (fungiform thrombi) is probably mainly due 
to the presence of the auricular sinus. Atrial infarcts or less exten- 
sive “coronary” myocardial lesions were found beneath most right 
atrial thrombi. 

Conspicuous lesions in the atrial wall were thus observed beneath 
the thrombi in about the half of all atrial mural thrombi examined. 
It is very difficult to ascertain the importance of stagnation factors 
for their formation. The author attempted to analyse in series B 
the importance of auricular fibrillation, which is generally said to 
be related to atrial thrombosis, presumably acting as a stagnation 
factor. There was in series B generally a significant positive correla- 
tion between auricular fibrillation and atrial thrombosis. This state- 
ment is, however, with certainty valid only for left atrial and bila- 
teral thrombi. Most cases until right atrial thrombi only had regular 

7* -48757 
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sinus rhythm during life. The author concludes finally, that the po- 
sitive correlation between auricular fibrillation and atrial thrombosis 
is probably not due only to the mechanical, (stagnation) effect of 
auricular fibrillation. 

The mural endocarditis observed beneath surface thrombi is 
briefly described in Chapter VI. 

In Chapter VII a special study is devoted to the histological pic- 
ture of atrial infarction. It is pointed out that an area of myocardial 
infarction usually consists of 2 zones representing different degrees 
of myocardial damage, a central zone of complete (“hyaline”) necrosis 
and a marginal zone in which the myocardial degeneration is less ad- - 
vanced. The marginal zone is particularly conspicuous in the area 
immediately beneath the endocardium (the lumen zone) in which 
the myocardium may be nourished from the blood in the lumen of 
the heart. The myocardium in the marginal zone often consists of 
more or less “empty” fibres, poor in myofibrils; the author has called 
this type of degeneration foamy degeneration. 

The central zone dominates the histological picture of ventricular 
infarct. In the thin wall of the atria most parts of an infarcted area 
belong to the marginal zones (lumen zone and pericardial zone), 
presenting signs of a less advanced myocardial damage. Atrial in- 
farcts may thus be difficult to recognize even under the microscope. 
The “coronary” etiology of such lesions may however be proved by 
the demonstration of a distinct differentiation into lumen zone and 
central zone. 

The author measured the breadth of the lumen zone in 29 cases of 
right atrial infarction and in 16 cases of left ventricular infarction. 
The mean breadth of the right atrial lumen zone w r as 0.13+0.007 
mm and of the left ventricular lumen zone 0.23 + 0.015 mm. 

The predominant histological picture in atrial infarction was that 
of foamy degeneration. The author has demonstrated that fibres 
presenting this typical appearance (in cases of coronary heart disease) 
are regularly rich in glycogen. The author suggests, that some cases 
which have been described in the literature under the diagnosis car - 
diomcgalia glycogenica circumscripta represent coronary degeneration 
zones of this type. 

A general morphological analysis of the author’s material of atria 
infarct cases is to be found in Chapter VIII. In series A 46 cases 
of atrial infarct were observed. There was in addition 33 cases of 
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less extensive atrial lesions of a “coronary” type (labelled minor 
lesions”). The author observed only one case of atrial infarct with- 
out mural thrombosis. 

In 46 cases the infarcts were observed in the right atrium and in 
one case only in the left atrium. The author is inclined to regard 
the high oxygen saturation in the blood of the left atrial lumen as 
the main cause for the rarity of left atrial infarcts. 

The author found reason for distinguishing 2 main distribution 
types of right atrial infarcts: a dorsal type , occurring in the dorsal 
wall of the right atrium and regularly coinciding with “posterior 
wall” infarcts of the ventricles and a ventral type occurring in the auri- 
cular appendage and adjacent parts of the atrial wall (antrum, lateral 
wall). In most cases of ventral infarcts conspicuous ventricular in- 
farcts of the same age had not been recorded. 

According to the authors experience atrial infarcts are no very 
rare lesions. They are to be expected in at least 1 per cent of the 
cases of an average autopsy material. 

It is possible that atrial infarcts are commoner during life but that 
cases with such lesions usually survive. Atrial infarcts are as a rule 
no extensive lesions and are not likely to affect seriously the general 
state of the patients. 

This assumption may furnish an explanation of the meagre results 
of the authors search for a typical clinical syndrome of atrial in- 
farction, accounted for in Chapter IX. All the author’s cases died 
of some other disease and no general clinical symptoms, with cer- 
tainty attributable to the atrial infarcts, could be discerned in their 
terminal syndromes. In some cases described in the literature the 
atrial infarct became fatal as a consequence of a rupture of the 
atrial wall, this consequence did not occur in the author’s material. 
The following observations may, however, be mentioned. 

Anginal pain is at any rate no important symptom of atrial in- 
farction. 

Auricular fibrillation developed somewhat more often in cases 
with atrial infarcts than in cases with right atrial thrombi without 
infarcts. The difference was, however, not statistically significant, 
and the appearance of auricular fibrillation must be said to be a 
sign of little practical value for the diagnosis of atrial infarction 

during life. Other atrial arrhythmias were observed only in a few 
cases. 
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The P-waves were in some cases normal, in other cases low or even 
indistinct. A very marked lowering o{ the P-waves in lead I was ob- 
served in the only case of left atrial infarction present in this series. 

The author assumed in an earlier paper, that abnormally short 
P — Q intervals, observed in some cases of myocardial infarction 
might be a sign of atrial infarction. The post mortem findings in 
one of the present cases were in favour of this hypothesis. 

A significant depression of the P — Ta levels was not observed in 
this material but there is reason to assume that elevated P~Ta- 
levds in leads II and III are diagnostic for infarcts in the dorsal wall 
of the right atrium. 


Table 6. Distribution of tbe atrial thrombi of series A with regard 
to tbe site of tbe thrombi and tbe main diagnosis. 



VMI 

Csel+ 

Hpt 

Hpt 

R 

0 

R 

29 

30 


10 

24 

R+L 

7 

9 


17 

9 

L 

7 



1 

33 

11 

Total 

43 

39 

e 

00 

44 


for explanation o£ the abbreviations, see table 2. 


Table 7. Distribution of tbe cases of series A with regard to the site 
of tbe thrombi and the heart rhythm before death. 



S 

SF 

F 

R 

55 

12 

28 

R+L 

7 

6 

29 

L 

8 

3 

40 

Total 

70 

21 

97 


S = regular sinus rhythm. 

SF = auricular fibrillation had developed within 2 mouths before death, 

F == auricular fibrillation had been present for more than 2 months before dent >• 
Cases with thrombi in the right atrium =- R, in both atria — R + L, in the left atrium 
= L. 
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Explanations. 

Case Xo. The first figure piven is the number of the ease In flic author's Index of series A. 

MU = medical clinic, Akademiska sjukliusct, Uppsala. 

KU « surgical clinic, Akademiska sjukliusct, Uppsala. 

SbMII = medical department (II), Sabbafsberps sjukhus, Stockholm. 

SG =» medical department, S:t GOrniis sjukhus, Stockholm. 

SS.MI, SS.MII, SSK1I medical departments (I nnd 11) and snrpieal department 
(II), Sahiprenska sjukhii'et, Gotlienburp. 

Vasa = Vasa sjukhus, Gotlienburp. 

Age, rex. M. -= male, F *■» female. 

Jlpt - arterial hypertension (+ — present, — <- not present). 

Coran. scler. = coronary arterial sclerosis (++■-' extensive, d- moderate). Thrombosis of 
tlic ripht coronary « I), of the interventricular branch of the left coronary S, 
of the circumflex branch of the left coronary C. 

Ventr. infarct =» ventricular infarct (A *■ anterior trail, I’ ■ - posterior trail, I, <•, lateral infarct; 
r = recent, v «-= old.) 

A . /’. Anpinal pains (r ~ repistcred, — *•* not registered). 

Congest, heart fail. -> conpcstive lieart failure (+ <•- slpns of congestive heart failure had been 
prominent for more thin 2 months before deith. — ■ other eases). 

Site of atrial infarct. The figures refer to the four regions of the ripht atrium mentioned on p. 

75. I « auricular appsitdipe, II «•< cranial pirt of crista tcrminalis with "antrum" 
atrii dextri, III ■= lateral avail, IV >- dorsal avail and dorsal part of the septum. 
If tliese figures are piven In the table, then myocardial Infarcts had been observed In 
sections available from the corresponding regions. "0" in the place of n roman figure 
means that there is no Infarct in available sections from (Ids region. means 
that no sections are available from the region In question. 

Inf. age ape of atrial infarct. V old, i! — recent. 

Heart rhythm: S «= regular (sinus?) rhythm, F - chronic auricular fibrillation, S/K > ■ fibril- 
lation had developed during the 2 last months before death, (F) ■ • uncertain whether 
t lie auricular fibrillation registered was chronic or acute. 

Mcclrncnrtliograms: only KCG's from the last two months before death ( - • a. m.) are referred to. 
no KCG's available. 
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fable 8. Cases with atrial 


Case Xo. 

Ape- 

Sox 

Diagnosis 

Hpt 

Coron. 

scler. 

Ventr. 

infarct. 

<1. 

SSM11 

Hit 58 44 

58 F 

Hypertensive' heart, disease 

Puhnonnrv arterial sclerosis 
‘ 

-•- 

-r 

— 

20. 

Vnsa 

HU TOO It 


Coronary arterial sclerosis 
Inveterate myocardial infarct. 

a. ‘ 

*r *r 

A. v. 

27. 

Vn«u 

Hit 8 SO, I t 

02 F 

Hypertensive heart disease 
Coronary arterial sclerosis 
Inveterate myoeard. infarct. 

T 


P. V. 

:»o. 

Vnsn 

lilt nr, 8,44 

82 M 

Hypertensive heart disease 
(’oron. art. atheromatosis 
Cerebral softening 

T 

-I- 

P. V. 

32. 

SSMl 

lilt 2K12. II 

30 F 

-■Chronic myocarditis' 
Pulmonary einholias 



P. v.l 

•10. 

SSMl 

HU 20!) 1 -If 

0!) F 

Myocardial infarction 

•* 

rfD 

r. r. 

•to. 

MU 

Hit 1730 44 

00 F 

Coronary art. scleros. 
Ruptured myoe. infarct (vontr.) 
Pulmonary einholias 


+ + SD 

A, r. 

P. r. 

•17. 

MU 

HU 1 SSI It 

73 M 

Coronary art. sclerosis 

Multiple pultn. and system, 
einholias 

j 

A r 

P. V. 

58. 

SO 

HU 571,17 

73 F 

Hypertensive heart disease 
Coronary art. sclerosis 

1 

+ 


72. 

Vusn 

Hit 700/15 

73 M 

Coronary art. sclerosis 

Old myocardial infarct. 
Hypertensive heart disease 

+ 

+ + 

P. v. 

83. 

MU 

HR 1224/45 

53 M 

Tiihere. spondylitis 

Grave kyphoscoliosis 

Ca rif i opa th in l:ifphoscol iot icn 

t 



04. 

MU 

Hit 510/10 

74 F 

Myeloma 

Coronary art., sclerosis 
Hronchopinnimoiiiae 




05. 

MU 

Hit 402/48 

08 M 

Coronary art. scleros. 

Inf. myoe. (inveterate) with 
rupt, of interventr. sept. 


*r *r 

A. v. 

103. 

MU 

Hit 109/40 

74 M 

Coronary art. sclerosis 

Chronic bronchitis, bronchi - 
ectasiao 


-f "h 

P. v. 
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infarction in series A. 


A. P 

Cong 
. hear 
fail. 

Site of atrial 
infarct 

E 

Heart 

rliythn 

Electrocardiogram 

9 

+ 

I. II. ?. ?. 

V 

S 

— . 

— 

+ 

I. II. ?. ?. 

VR 

F 

— 

— 

+ 

I. ?. III. ?. 

VR 

F 

one, 2 days a. in. (see p. 85). 

V + / 

1 

I. I. 0. 0. 

R 

S 

one, 2 days a. in. Low P- 






waves. 

— 

-L 

i 

I. 0. III. ?. 

R 

S/F 

one, 2 months a. m. (p. 84) Aur. 






fibrill. diagnosed clinically 
before death. 

4* 

— 

I. II. III. IV. 

R 

S 

— 

— 

+ 

I. II. ?. ?. 

R 

S 

one, 9 days a. m. P-wnves pos. 






in lead I, absent in lead II, 
neg. in lead III. 


+ 

I. 0. ?. ?. 

R 

F 

— 

— 

+ 

I. II. 0. 0. 

VR 

(F) 

one, 53 days a. m., auricular 






fibrillation. 

— 

+ 

I. II. 0. ?. 

R 

S/F 

two ECG’s, ono 15 days a. m. si- 


4- 

I. II. ?. ?. 



nus rhythm, atr. ECG norm, 
one C days a. m.: aur. fibr. 


R 

S 

ono, 3 days a. m. Atrial ECG 






without striking alterations. 


+ 

I. ?. ’. ’ 

V 

F 

sne, 13 days a. m. aur. fibrill. 

+ 

-L 

I. II. 0. 0. 

VR 

s 

Five ECG’s from the month a 






m. Nothing abnormal in the 

+ 

4* 

o. II. 0. IV. 

VR 

S/F ( 

atrial part of the ECG. 

Ino ECG C weeks a. m. sinus 
rhythm. Atrial ECG normal 
Aur. fibr. 1 month a. m. (2 
ECG’s). 1 
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Case H o. 

Age 

Sex 

Diagnosis 

Hpt 

Coron. 

scler. 

Ventr. 

iniarct. 

104. 

07 F 

Hypertensive heart disease 

+ 

+ 


MU 


Coronary art. sclerosis 




HR 1908/45 


Cerebral art. thrombosis 




110. 

60 F 

Coronary art. sclerosis 

? 

+ +D 

P. r. 

SG 


Recent myocardial infarction 




HR 351/40 






112. 

70 F 

Moderate mitr. and aort. ste- 

-i . 

+ + 

(P. V.?) 

SG 


nosis. Coronary art. sclero- 




HR 114S/40 


sis 




113. 

72 F 

Hypertensive heart disease 

+ 

4" 4^ D 

P. r. 

SG 


Coronary art. sclerosis 




HR 573/45 


Recent myocardial infarction 




11G. 

65 F 

Hypertensive heart disease 

+ 

4* 

— 

MU 


Coron. art. scler. Moderate 




HR 1962/46 


mitr. and aort. sten. Pori- 






carditis sicca 




121. 

56 F 

Coronary art. sclerosis 


++ 

— 

MU 


Acute, purulent peritonitis 




HR 2297/46 






123. 

70 M 

Mitral and aortic stenosis 

— 

+ 

— 

MU 


Coronary art. sclerosis 




HR 2252/46 






127. 

60 F 

Coronary art. sclerosis 

+ 

++ 

A. v. 

SbMII 


Hypertensive heart disease 




HR 591/45 






129. 

72 M 

Hypertensive heart disease? 

+ ? 

(+) 

(A. v.) 

SbMII 


Coronary art. embolism 




HR 506/46 






130. 

53 M 

Hypertensive heart diseaso 

"f 

(+) 

(A. v.) 

MU 


Uremia. Multiple pulm. art. 




HR 2455/46 


embolias 




132. 

73 M 

Coronary art. sclerosis 

+ 

4- 4- 

A. v. 

MU 


Recent myocardial infarction 




HR 1004/40 


Hypertensivo heart disease 




133. 

03 M 

Aortic stenosis 

— 

— 

A. v. 

MU 


(extreme fibrosis of the papil- 




HR 1142/40 


lai'y muscles) 




137. 

73 M 

Hypertensive heart disease 

+ 

+ +C 

A. v. 

MU 


Coronary art. sclerosis 



T 

HR 2S50/46 


Recent myoenrd. infarction 




139. 

5S F 

Coronary art. sclerosis 

+ 

+ + o 

P. r. 

SG 


Recent myoe. infarction 




| HR 1230/46 


Hypertensive heart disease 
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A. P. heart Site f a . trial Inf ’ 
! . .. infarct. age. 



I. II. 0. 0. 


— I. II. III. O. 


I. II. ?. ?. 


— i. o. in. iv. 


I. II. o. o. 


+ I. II. III. o. 


+ I. II. ?. ?. 


+ I. II. 0. ?. 


+ I. II. o. ?. 


+ I. O. III. O. R 


I. II. III. IV. R 


+ I. II. 0. O. VR 


+ left atr. 




o. o. m. iv. r 


One ECG 1 month a. m. auri- 
cular fibrillation. 


One ECG C days a. m., low P- 
waves. Apparently elevated 
P-Taj (Neg. U-waves!). 


Two ECG’s from the 2 last 
months. Nothing abnormal 
with the atrial part of the 
ECG. 


S/F Regular rhythm (no ECG) 2 
months a. m. ECG 3 weeks 
a. m. auricular fibrillation. 


(F) - 


F — 


F — 


S/F One ECG 1 month a. in. No- 
thing nbnorm. in atr. part of 
ECG. Six days a. m. nur. 
fibr. (2 ECG’s). 


S/F Sinus rhythm 1 month a. m. 

Aur. fibr. in 2 ECG’s from C 
days and 3 days a. m. 


T"o ECG S 8 and 1 days a. m. 
Sinus rhythm with normal 
atrial parts in both ECG’s 
short paroxysms of aur. fibr. 

Two ECG’s from the last 
month a. m. Py disappear. 
(See p. 8G.) 


One ECG 7 days a. m. No- 
thing abnormnl in atrial part 
of ECG. 
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Case No. 

Age 

Sex 

144. 

MU 

HR 2542/40 

04 F 

148. 

Vasa 

HR 1050/40 

59 M 

i 152. 

IMU 

HR 3382/40 

73 F 

153. 

SSKII 

HR 5/47 

71 M 

158. 

MU 

HR 3290/40 

70 F 

104. 

MU 

HR 373/47 

77 F 

100. 

MU 

HR 810/47 

49 M 

109. 

MU 

HR 935/47 

07 M 

170. 

KU 

HR 105/47 

72 F 

181. 

05 F 


MU 

HR 2159/47 


Diagnosis 


grave aortic stenosis 


Old myoc. infarcts 
Hypertensive heart disease 

Coronary art. sclerosis 
Hypertensive heart disease 


Myocard. infarction 
Prostatic hypertrophy. 


with aortic stenosis 
Abscessus pulm dx 

Coronary art. sclerosis 
Recent myocard. infarction 


Recent myocardial infarction 


betes mellitus Gangraena 
podis dx (arterial embolia) 

•iabetes mellitus. Coronary j 
art. sclerosis. Recent myoc. j 
infarction ! 



+ ++ A. v. 

P.v. 

+ ++ - 


+ + D P. r. 


+ + P. v. 


+ +D P.r. 


+ + D P. r. 


183. 53 F Diabetes mellitus. Hyperten- 

MU sive heart disease. Myocard. 

HR 1922/47 infarct. Gangrena pedis sin. 

(arterial thrombosis?) 

184. G9 M Coronary art. sclerosis 

MU Hypertensive heart disease 

HR 2125/47 Old myoc. infarction 

187. 62 M Hypertensive heart disease 

MU Coronary art. sclerosis 

HR 2403/47 Recent myoc. infarction 


+ + SD 


190. 82 M Hypertensive heart disease 

SSMI Coronary art. sclerosis 

HR 2832/47 Recent myoc. infarction 


+ + + + D P. >• 





109 


. „ , ® Site of atrial Inf. Heart 

A. P. heart . . , , ,, 

j .j I infarct. age. rhythm. 


Electrocardiogram 


+ I I. 0. O. ?. 


V S/F Two ECG’s from the last 2 
months. Aur. fibrillation. 


+ O. II. III. ?. R F One ECO 1G days a. m. auri- 
cular fibrillation. 

+ I. II. O. O. VR S Two ECG’s from the last 2 

months. See p. 84. 

? I. 0. III. IY. R S — 


+ I. II. O. ?. 


R F 


I. 0. ?. 0. 


One ECG 49 days a. m.: auric, 
fibrillation. 


0. 0. O. IV. 


0. O. O. IV. 


I. II. III. IV. 


Three ECG’s from 2 days a. m. 
Elevated P-Ta’s in leads II 
and III (p. 94). 

Three ECG’s from 3 days a. m. 
Slightly elevated P-Ta’s in 
leads II and III (p. 95 ). 


(I). 0. 0. IV. R 


I. II. III. IV. V 


S/F Two EGC’s. 2 days a. m. 

elevated P-Ta’s in leads II — 
HI. ECG the day of death: 
auric, fibrillation (p. 94 ). 

S Short P-Q intervals after in- 
farct (see p. 91). 


+ O. 0. O. IV. R 


+ I. II. 0. 0. VR 


+ O. 0. III. IV. 


(F) Two ECG’s from the 2 months 
before death, in both auric, 
fibrillation. 

S Two ECG’s from the 2 last 
months before death. Sinus 
lhythm. Nothing abnormal 
with the atrial part of the 
ECG. 
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Case Xo. 

Age 

Sex 

' 

Diagnosis 

Hpt 

Coron. ; 
selor. 

Vcr.tr. j 

inlntct. ' 

191. 

SGr 

HR 1425/47 

02 M 

Chronic valvular endocarditis. 
Aortic stenosis. Coronary 
art. sclerosis 

-i- 

A 

A.v.t j 

103. 

SG 

HR 070/47 

03 F 

Coronary art-, sclerosis 

Old myocardial infnrcts 
Pulmonary art. embolias 



A.v. | 

1 

l 

j 

190. 

SSMI 

HR 2747/47 

05 F 

Coronary art. sclerosis 

Acute myocard. infarction 


trD 

P.r. | 

| 

108. 

MU 

HR 750/4S 

00 F 
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(Case 203 was tlio only ease without ntrinl thrombosis.) 
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Heart 

rhythm. 

Electrocardiogram 

S 

Ono ECG 2 months a. m. No- 
thing abnormal with the 
atrial part of the ECG. 

S/F 

Ono ECG 2 months a. m. sinus 
rhythm. Nothing abnormal 
with the atrial part of ECG. 
In on ECG 1 month a. m. 
aur. fibr. 

S 

One ECG 2 clays a. m. Elevated 
P-Ta’s in leads II and III. 

S 

Ono ECG 7 days a. m. Regular 
ventr. rhythm, P -waves 
barely visible. 

s 

■" ' ' 
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FOREWORD. 


Tiiis investigation was started in 1936, and during the four 
following years the material was collected and prepared at the 
Medical Department A. of the Riksliospital. Subsequently this 
material was added to from several other hospital departments. 
The conclusion and final revision of this work was rendered difficult 
by the war. 

I wish to thank Professor Olav Hanssen M. D., Professor 
Habald Salvesen M. D., the Senior Hospital Physician, Rolf 
Hatlehol M. D. and the Senior Hospital Phj'sician 0. Romcice 
M. D. for permission to use the material in their hospital depart- 
ments. Most of this work was done at the Medical Department A. of 
the Riksliospital. 

Altogether I have had occasion to undertake 271 sternal punctu- 
res on a total of 62 patients. I have also undertaken sternal punct- 
ures of 20 persons with normal bone marrow functions. They have 
served as controls. 

1 wish also to express my gratitude to the managers of the 
Medical Fund of the Freia Chocolate Factory Company, the mana- 
gers of Dr A. Malthe’s Legacy and the managers of Professor 
0. Bang’s Memorial Foundation for Economic Aid, as well as the 
managers of Nyegaard & Company for financial contributions to 
the costs of printing. 

I owe Mrs Stoltenberg a great debt of gratitude for the 
figures and diagrams she has drawn. 
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I. Introduction. 


Pernicious Anaemia. 

It would seem that the first published account and complete 
description of a morbid condition presumably identical with per- 
nicious anaemia were given by the Scot Combe in Transactions 
of the Medico-Chirurgical Society in Edinburgh in 1822. In the years 
which followed immediately, repeated references are to be found in 
English publications on a pernicious anaemia-like condition inter- 
preted and described as a clinical entity. In 1851 Barclay 
mentioned glossitis in a patient djdng of severe anaemia. In 1849 
and 1855 Addison described a disease which he called oidiopalhic 
anaemia* and which he associated with changes in the central ner- 
vous system as part of a syndrome. 

Some years later, in 1867 and 1872, Biermer described an 
anaemia which ran a fatal course and which he called progressive 
pernicious anaemia. He included in this term — contrary to 
Addison — a whole series of anaemias without clear-cut limits. 
A similar conception came gradually to be shared by several inves- 
tigators including Immermann (1874), Quincke (1876), and Eicii- 
horst (1878). 

From 1886 to 1909, William Hunter worked on this disease, 
maintaining like Addison that sAddison’s anaemia* is a well- 
defined clinical entity involving the gastro-intestinal and nervous 
systems as well as the blood system. He drew attention to and 
emphasized the importance of the glossitis now known as Hun- 
ter s glossitis. He was the first effectively to distinguish this disease 
from other forms of severe anaemia. 

I can find no justification whatever for calling this disease 
Biermer-Ehrlich anaemia — a practice common in the literature. 
1 rom the outset so many investigators have made such fundamen- 
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lal and praiseworthy contributions to the study of pernicious 
anaemia that there is little justification for associating it with 
any one in particular, and absolute priority can be assigned to 
none. Pepper in 1875 and Cohnhejm in 1876 were the first to 
describe megaloblastic bone marrow as an abnormality. In 1883 
S. B. Laache was one of the first to maintain that the large, oval 
and haemoglobin-rich erythrocytes, whose size might be up to 15 p, 
are very characteristic of pernicious anaemia. His claims were 
based on examinations of native preparations. 

Ehrlich’s introduction in 1881 of the staining of elements of 
the blood with aniline dyes was so masterly that one is tempted to 
regard it as the overture to a new era in haematological research. 
He interpreted the megaloblastic bone marrow' of pernicious anaemia 
as indicating a degenerative process pathognomonic of this disease. 
Since then there have been two main and conflicting conceptions 
of the aetiology of this disease. Hunter held that it is a sequelto 
intestinal sepsis and haemolysis of the portal blood, i.e. abnormal 
blood desiruclion. Ehrlich maintained that the disease is due to 
the development of abnormal blood corpuscles. In spite of constant 
changes in our conceptions of the aetiology of pernicious anaemia 
as our knowledge of it has progressed, and even after the introduc- 
tion of liver treatment, the controversy continues over the con- 
flicting theories of abnormal blood formation and abnormal blood 
destruction. Our knowledge of folic acid and its place in patho- 
logy is also far from complete. 


Inlravilal Examination oj Ike Bone Marrow. 

In 1868, Neumann and Bizzozero showed that the bone 
marrow is the seat of formation of blood corpuscles. In 1876 Cohn- 
heim gave a description of red bone marrow in pernicious anaemia. 
When the haematopoietic function of the bone marrow was disco- 
vered and some of its significance was thereby revealed, interest 
■was aroused in its examination intra vitam, notably in the so- 
called diseases of the blood. 

Pianese, the first to take this step, punctured in 1903 the 
epiphysis of the femur in a search for malaria parasites. In 190 
Ghedini trephined the tibia in order to examine the bone marrow, 



9 


and in 1921 Zadek followed suit. In 1922 Caronia, Morris and 
Falconer, and in 1925 Kramar and Henscii undertook punctures 
of the tibia, and in 1923 C. Seyfarth trepliined ribs and sternum, 
The same procedure was employed by Weiner and Kaznelson, 
Schilling, Bartha, Introzzi, Custer, Dameshek, Yamamoto, 
Peabody and others. However, none of tliesc methods enjoyed 
any general approval, for they were too radical, veritable surgical 
operations totally unfitted for serial examinations of one and 
the same person. 

In 1929, I. M. Arinkin introduced sternal puncture with aspi- 
ration of sternal marrow. As this procedure is simple and not far- 
reaching, it has been introduced everywhere as a clinical method 
of examination. It has taken little time greatly to widen our know- 
ledge of the haematopoietic function of the bone marrow, and it is 
the method adopted for the serial investigations in the present 
study. 

In 1934, Henning and Korth expressed the opinion that 
Arinkin’s method is of little use as the material it yields for exam- 
ination is scanty. They introduced irrigation of the sternal marrow 
with physiological saline solution as a better method in their 
opinion. Very probably they do not think so today. For their 
»diagnostic irrigation)) of the sternal cavity has not attracted any 
attention. 



II. Plan of Work. 


This work was started with the intention of following, by means 
of serial examinations of the yield of sternal puncture, the function 
of the bone marrow in the sternum in cases of pernicious anaemia 
before, during and after liver treatment. 

Gradually the material became so large and so instructive in 
a single direction also with regard to our knowledge of erythropoie- 
sis that I found myself justified in treating it as the basis for a 
discussion of the development of the erythrocytes and of the inter- 
relationship between the various forms of erythroblnsls. 



III. Methods. 


Whenever the number of examinations was small, the punct- 
ures were made in the manubrium sterni. When many punctures 
were made, they followed the corpus sterni downwards, and when 
necessary I continued with new punctures in the manubrium. No 
puncture was made in an old puncture opening even when up to 16 
punctures were made in the same patient. The punctures were 
always at the level of the intercostal spaces in order to avoid any 
transverse strands of cartilage which are liable to be encountered 
at the level of the insertions of the ribs. 

The punctures were made with a short, stout needle with a 
slightly slanting point, an internal diameter of 2 mm., and pro- 
vided with a stilette. The cutis, subcutis and periosteum were 
always anaesthetized before a puncture by the injection of 2 to 3 
cc. of parocain with adrenalin 1 % 0 . 

After perforation of the 0.5 to 1 mm.-thick lamina externa 
sterni, the needle enters the 5 to 15 mm.-deep marrow cavity 
(Arieff). To create an adequate vacuum, I aspirate carefully with 
a 20 cc. record syringe. The aspirated blood, in a quantity 1 try 
to reduce to a minimum, is thereupon transferred to a micro-test- 
tube of quartz glass graduated exactly to 1/10 cc. and containing 
0.1 cc. of a 3 % solution of calcium oxalate used to prevent coagula- 
tion. But first a couple of drops of sternal blood from the syringe 
are taken for smear preparations and reticulocyte preparations. 

The smear preparations are stained in the usual way with 
May-Griinewald-Giemsa solutions and a differential count is made 
as with an ordinary blood smear from the ear. As a rule, I have 
counted 600 nucleated blood cells. Crumbhaer and Custer as well 
as McLeod consider it sufficient to count 500 nucleated blood 
cells. In the present work a greater number than 600 cells was 
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occasionally counted, particularly during normoblast crises when 
great quantities ol normoblasts may be found. Hence the necessity 
for counting a greater number of cells than is customary in order 
to obtain a sufficient number of cells from which to calculate the 
numbers of erythroblasts relative to the other cells. The differen- 
tial count never included less than 400 cells of the leucocyte type 
or less than 200 of the erythropoietic type. 

The differential counts were made in such a way that I first 
began a differential count of all the types of nucleated blood cells 
in preparations. When I had reached either 200 erythropoietic 
cells or 400 leucopoietic cells, I discontinued the differential count 
for the time being. The percentage relationship between the two 
cell systems, recorded in the tables as percentages of erythroblasts, 
and of leucoblasts, was thereupon calculated. 1 now calculated 
the percentage relationship to each other of the various cell forms 
in that cell system which had determined the preliminary cessa- 
tion of the differential count. In other words, action was taken 
according to whether the differential count yielded 200 erythro- 
poietic cells or 400 leucopoietic cells. At this stage the differential 
count was continued of the cells belonging to the othei cell system, 
the count being continued cither till at least 200 erythropoietic 
cells or at least 400 leucopoietic cells were counted. Thereupon the 
percentage relationship between the various cell types of this system 
was calculated. 

To show tire relationship between marrow particles and fat 
particles from sternal puncture as well as their quantity quite rough- 
ly, the following system of recording was adopted: 

1) Normal content of marrow particles: ++ to + + + 

2) Normal content of fat particles: + + + to + + + + 

The patient’s sensations in the sternal region during aspiration 
of the sternal cavity were also noted with each description of the 
puncture in the case records. 

The reticulocyte preparations were stained with an alcoholic 
solution of Nile-blue sulphate and with the customary technique. 
Cell forms with remains of nuclei were not counted as reticulocytes, 
and I have also been warv over the inclusion of cells with sing e 
granules. The reticulocytes were not classed in groups, as or 
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example ad modum Heilmeyer. The leucocytes obtained from 
sternal puncture were counted in the usual way in a Burker — Turk 
counting chamber and always twice. At these counts all the nuc- 
leated blood cells in the punctate came to be included in the count. 
In several cases the erythrocytes in the sternal blood were counted, 
and the haemoglobin was determined colorimetrically as acid 
haematin. The haemometers were corrected according to Haldane 
so that 100 % corresponded to 13.8 g.% haemoglobin. 

The serum colour was colorimetrically determined ad modum 
Meulengracht. 

The various liver fractions referred to in this work were prepared 
by Per Laland and Aage Klem in the course of their attempts to 
isolate the antipernicious anaemia factor. The terms given to these 
extracts are those employed by these investigators in their records. 
The efficacy of these preparations was estimated by their capacity 
to provoke the specific bone marrow changes of pernicious anaemia 
and by the effect of these changes on the number of blood cells 
in the peripheral blood. 

Some of the patients were treated with the commercial liver 
extract of Nyegaard & Co. sold as Pernami. 



IV. The Genesis of the Erythrocytes. 

This problem comes first. For the planning of the present 
investigation hinges on the morphology of the erythroblasts, their 
nomenclature and their relationship to each other. It is also this 
problem which has required a uniform and coherent handling of 
the findings and results of this investigation, and therewith the 
key to the comprehension of the following chapters. 

A. The Morphology and Nomenclature of the 
Erythroblasts. 

Because of the divergent opinions on this problem and the 
consequent very diversified nomenclature, it is necessary first to 
give an account of the nomenclature to be employed in this work. 
This nomenclature has quite naturally developed in the course of 
the investigations, and will be gradually explained more fully. 
It is presented diagramatically in fig. 1. 

Macroblast > Normoblast 

» Promacro megaloblasU | | t ^transitional forms* 

Megaloblast / ______ 

Erythroblasts 

Fig. I. The Author’s Nomenclature for the Nucleated Erythrocytes and 
Their Early Stages or Precursors 

The )>Promacromegaloblasti> (Fig. VI A. b. pag. 85) (the pro- 
erythroblast of Ferrata, Naegeli, the erythrogenie of Kelly) is 
of about the same size as the myeloblast, but is sometimes a hit 
larger, particularly in pernicious anaemia. The cytoplasm is dark 
blue, and its rim comparatively narrow. Cell and nucleus are cir- 
cular, the latter comparatively small and often lighter than the 
cytoplasm. The structure of the chromatin is finely granular to finely 
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meshed. It is somewhat more dense than in the case of the myelo- 
blast, with which it is most easily confused, and it is somewhat 
more coarse than in the case of megaloblast. As a rule, there are 
several nucleoli, generally circular, to be found. 

All agree that this is a young erythropoietic cell, and most 
observers believe that it ripens into an er^hrocyte through the 
macroblast stages. But from the observations made in the present 
investigation I believe that, in addition to being a precursor to the 
macroblast, this cell must also be regarded as a precursor of the 
megaloblast. For this reason I have found it natural to call it a 
promaeromcgaloblast. These cells are abnormally numerous in the 
sternal manow in pernicious anaemia and congenital haemolytic 
jaundice (Schartum-Hansen). This numerical rise is to be inter- 
preted as a response to a call for increased regeneration. In conge- 
nital haemolytic jaundice, promacromegaloblasts develop further 
through the normal erythroblast forms to sphcrocytes, whereas in 
pernicious anaemia they often degenerate through the megaloblast 
forms. 

Probably this type of cell corresponds to the crythrogenie of 
Askanazy-Helly and Ellermann, and the lymphoidocyle of Pap- 

PENHEIM. 

According to Naegeli and Henning, there is a promegaloblast 
characterized by a still finer chromatin structure than is normally 
to be found in erythrob lasts. The nucleus of this promegaloblast 
contains nucleoli, and the size of the cell is about lop,. It is easily 
distinguished from the »pronormoblast». Several other investiga- 
tors (Schulten and Segerdahl for example) find these distinc- 
tions uncertain. To judge by the description of this cell, it is, in my 
opinion, assuredly only a transitional stage between the promacro- 
megaloblast and the more typical megaloblast. 

According to Tempka and Braun, the difference between the 
»promegaloblast» and the myeloblast is that the chromatin of the 
promegaloblast nucleus is somewhat coarser and more dense, the 
nucleoli being less sharply defined. 'The shape of the nucleus is 
more even, and the protoplasm more basophilc. They conclude 
that the »promegaloblast» is the larger. 

Elsa Segerdahl also has seen »numerous and unmistakable# 
transitional forms between myeloblasts and »promegaloblasts» 



which, in her opinion, show the same morphological characteristics 
as the early stages of the youngest normal erythroblasts, and which 
differ from them only by their size. The cell type described by these 
investigators is most probably identical with that described by 
Naegli and Henning and already referred to. 

Several other authors (Ferrata, Henning, Keilhacic, Rohr) 
hold similar views and refer to a »promegaloblast» whose most 
distinctive feature is said to be its size, — larger than the t. pro- 
erythroblast). They have, however, quite the same nuclear structure 
and cytoplasm. Further, they hold that the »promegaloblast» differs 
from the »proerylhroblast» also in this that the former is oval and 
has a larger cytoplasm brim in relation to its nucleus, is said to 
present a »cloudy pattern) and to have a more finely woven chro- 
matin net. The cell thus described is, in their opinion, genetically 
different from the »proerythroblast». According to their description, 
this »promegaloblast» is wholly identical with the young megalo- 
blast in this work and represents therefore a further stage in the 
development of the promacromegaloblast in a megaloblastic direc- 
tion. 

Lastly it should be pointed out that the promacromegaloblast 
of this work is quite certainly identical with what Rohr and Non- 
denson call a pronormoblast, and what Sciiulten calls a basophile 
erythroblast and what recurs constantly in the American press 
under the misleading title of megaloblast. 

The megaloblast (Fig. VI B. d. pag. 86) has been and still is 
a much debated cell because opinions differ about the cell structure 
of this type of erythroblast. 

Ehrlich was the first to give this name to a form of erythro- 
blast, and it would be therefore natural to continue to reserve this 
name for types of erythroblast corresponding morphologically to 
Ehrlich’s first description. 

This cell is plainly oval, polychromatic or hyperchromatic. 
According to Ehrlich, the nucleus of these young megaloblast 
forms is comparatively large, of a beautiful, finely threaded struc 
ture, often irregular or even patchy. In older cells there is every 
variety of transition to small, dark, structureless and often eccen 
trically placed nuclei which he held can often be expelled. The ce 
acquires haemoglobin early. The Ehrlich-Naegeli original con 
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ception of the megaloblast as representing an embryonic retrogres- 
sion of erytliropoiesis was in later years refused by Naegeli him- 
self. 

It may now be said that the typical megaloblast Naegeli 
always maintained was pathognomonic of pernicious anaemia is 
more easily demonstrable in the sternal marrow and found in 
younger stages of its development than was the case with Naegeli 
on examination of the peripheral blood. 

It is probable that many of the forms of erylhroblast originally 
described by Naegeli as mcgaloblasts were often the cells described 
in this work as only slightly atypical macroblasfs. The departure 
from the typical is slight because the cell is exposed to only a 
slight shortage of the supply of the antipernicious anemia factor 
to the cell. This last-named type of erylhroblast is very easily 
found in pernicious anaemia particularly when it is somewhat 
advanced. It is therefore apt to be interpreted as a specific type of 
erylhroblast, but it is not identical with the really quite typical 
megaloblast as originally described by Ehrlich, and it is some- 
what coarser in nuclear structure. Morphologically it resembles 
some of the types of young erylhroblast found in the sternal mar- 
row in the marked macroblast anaemias of a non-pcrnicious type. 
But we must not forget that Naegeli’s conception of the megalo- 
blast’s morphology was in the main founded on examinations of 
the peripheral blood. His views in this matter were shared by most 
earlier haematologisls. 

In my opinion, the young megaloblast is usually larger, to some 
extent much larger, than the young promacromcgaloblast to which 
it is genetically related. Its size is from 13—14 up to 20 and, occa- 
tionally, up to even 30 — 40 g. These giant cells are called giganto- 
megaloblasts. Some, particularly those of the older type, arc oval. 
In the youngest types of megaloblast, the plasma brim is narrow, 
but it becomes gradually wider. The colour ranges from dark blue 
in the younger forms to light blue in the older. Later in their deve- 
lopment, which I interpret as degenerative on account of waning 
formation of the antipernicious anemia factor, there is a further 
change in some of the mcgaloblasts. Their cytoplasm becomes 
more or less eosinophile, and their nuclei undergo pyknosis to 
some extent. But most mcgaloblasts probably die before reaching 
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this stage. These forms of erythroblast, particularly the most 
fully developed types with a morphology as described above, are 
identical with the megaloblasts originally described by Ehrlich 
and Naegeli who held that they were demonstrable only in per- 
nicious anaemia. This opinion has been confirmed by most later 
investigators, and I have also failed to find erythroblasts with the 
above-mentioned morphology in patients not suffering from perni- 
cious anaemia, although I have examined by sternal puncture 
hundreds of patients suffering from macroblastic forms of anaemia. 

A further characteristic of a typical megaloblast concerns the 
structure of its nucleus which is evenly homogeneous, finely granu- 
lar with now and then remains of the nucleoli of a promacromegalo- 
blast. The position of the nucleus is often eccentric, particularly in 
the older types. In smears from sternal punctures of my cases I 
have repeatedly noticed that the megalo-types seem to be more 
vulnerable as the cells grow older than the other types of erythro- 
blast. This seems to be a sign of degeneration. 

Klima maintains, and Rohr believes he has seen that the older, 
more nature megaloblast nucleus has an irregular Dgeflecktes, 
schickigess appearance. It seems to me that the cell they describe 
must therefore be regarded as a macroblast, somewhat pathologi- 
cal on account of only slight failure of the antipernicious anemia 
factor. From the account given of its morphology, it is essentially 
different from the pure megaloblast resulting from complete failure 
of the supply of the antipernicious factor to the cells. 

In 1935, Th. Giise described a case of pernicious anaemia in 
which there were large, unripe basophile cells in the peripheral 
blood in addition to megaloblasts. These basophiles were demon- 
strable post mortem in the bone marrow and several other organs. 
Guse regarded this form of cell as a basophile precursor of the 
»megaloblast series®. To judge by the description of its morphology, 
I take it to be an ordinarily large, possibly giant megaloblast. 

0. Jones claims to have found azurophile granulations in the 
»promegaloblasts», • — a type of cell he believes to be an intermediate 
stage between basophile megaloblasts and the myeloblast. Elsa 
Segerdahl has also found granules in the megaloblast, but she 
thinks they may possibly be artefacts. 

The Macroblast (Fig. VI C. c. pag. 87) (Naegeli) — norno- 
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blast (Fig. VI D. e. pag. 88) (Ehrlich). Under normal condi- 
tions, these cells, with all their transitional forms, constitute the 
whole developmental series between the promacromegaloblast and 
the ripe erythrocyte. 

The youngest forms of macroblast arc as large as the promacro- 
mcgaloblast. They become gradually smaller as they ripen till at 
last their size is that of an ordinary cosinophilc normoblast, i.e. a 
little larger than an ordinary normocyte. The cytoplasm of the 
macroblasts ranges from dark to lighter basophile. In certain 
phases of pernicious anaemia, cosinophilc macroblasts are to be 
found. In health they retain their basophile properties till they 
reach the normoblast stage. The nuclear structure of the macro- 
blasts is more coarsely granular than that of the promacromegalo- 
blasts and the megaloblasts. This is more and more the case as the 
cell grows older; as it does so, its nuclear structure, beginning with 
that of a promacromegaloblast, becomes constantly more firm and 
coarse, until, through all the transitional stages, it finally goes over 
to the normoblast’s spakc-shaped arrangement of the coarse clumps 
of chromatin. A normoblast is a little larger than an ordinary nor- 
mocyte. Cell and nucleus are circular, and the cytoplasm ranges 
from basophile to oxypliilc. The nucleus undergoes pyknosis gra- 
dually. Thereupon the normoblast discards its nucleus either by 
karyolysis or karyorrhexis. Through the rcticulo stage it then beco- 
mes a ripe erythrocyte. There is assuredly no reason for confusing 
a normoblast with other erythroblast types. 

Conclusion: The morphology of the crylhroblasts and the 
nomenclature of the various types of erythroblast arc described 
and discussed. The following are a few points which arc of special 
interest and which are of significance to the further development of 
this work: 

1) A f>promacromcgaloblash is, as its name implies, a precursor of 
all the erythroblast types. 

2) The mcgaloblast, as defined, by Ehrlich and Naegeli, is 
pathognomonic of pernicious anaemia. 

3) As compared with other erythroblast types, the mcgaloblast as it 
grows older shows an increasing tendency to be easily damaged in 
smears. Js this a sign of degeneration? 
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B. The Genetic Connexion of the Various Forms of 

Erythroblasts. 

1) Previous Investigations. It is assumed that erythropoiesis is 
medullary from the sixth month of foetal life, and that the deve- 
lopment of the normal erythrocyte proceeds from the original or 
parent cell through a »proerythroblast stages. Thereafter the pro- 
erythroblast develops through a macro- and normoblast stage before 
the nucleus disappears and the normal erythrocyte comes into 
being. Most haematologists agree in the main on this score and 
concerning the morphology of the older types of this series of 
erythroblasts. But the nomenclature may vary considerably and 
therefore interfere with the comparison and appreciation of the 
results of different investigators. This was pointed out in the pre- 
ceding chapter also (see Veeneklaas for example). 

We do not yet know what is the source of the youngest ery- 
throblast forms. In 1912, Naegeli suggested that they might be 
derived from: 

1) Undifferentiated »mesenchyme cells»; 

2) Endothelial cells or the endothelium of blood vessels. 

3) Lymphocytes. 

It is in the main the same possibilities which are discussed to- 
day. We still lack a relatively unimpeachable explanation of these 

problems, and in the present work I have also failed to find a basis 
for a really well-founded and plausible opinion on the subject. 
There are many different theories, but most haematologists today 
assume that the erythroblasts, like the myeloblasts and megakaryo- 
cytes, are derived from the reticulum cells of the bone marrow 
or the »bone marrow mesenchymes. 

Doan and Wiseman have recently maintained that the erythro- 
cytes are derived from the endothelium of the blood vessels in the 
bone marrow, and that they are formed within them from the so 
called »intrasinusoidal capillaries®. They hold that, under normal 
conditions, the »megaloblasts» are formed from this endothelium. 
Thereafter they develop into serythroblasts® and further into nor 
moblasts. But these investigators believe that the formation of the 
leucocytes in the bone marrow is extravascular. Other investigators 
such as Sabin and Cunningham (chicken expeiiments in 1920) are 
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of the same opinion. From another starling point, about the turn of 
the century, Schridde and Naegeli held that the megaloblasts 
are the first stage in the development of the erythroblasts, being 
derived from the endothelium of the blood vessels. These investi- 
gators did not find megaloblasts under normal conditions. 

With 0. P. Jones, I must, however, say that Sabin and Cun- 
ningham and many American investigators have defined the 
megaloblast in terms quite different from the original conception 
of it. This is calculated to create confusion. Besides, it is difficult 
to understand the reason for, and object of, this new definition. I 
assume that the megaloblasts of these investigators are not the 
outcome of a misinterpretation of the morphology of these cells 
which, to judge by their description of them, correspond to the 
promacromegaloblasts in my study. 

This confusion does not diminish when these investigators let 
their megaloblast develop into a »normoblasl», described by them as 
smaller than the megaloblast, with a somewhat denser nucleus, 
with somewhat less basophile cytoplasm, and with a capacity for 
division. The »normoblasls» thereupon proceed to develop into 
Derythroblastso with a pyknolic nucleus, and with the disappear- 
ance of basophilia at this stage. Their »normoblasl» is, to judge by 
their description of it, the same cell as that named macroblast in 
my work, possibly also the same as younger normoblast types. 
)>Erylhroblasl» corresponds to the fully developed noimoblasl in 
my work. 

Several investigators claim to have found »megaloblasts» in 
greater or smaller quantities in normal persons (Young and Osgood 
in 1935). Holmes and Broun, for example, found in 1930 in seven 
normal persons an average of 5.2 % s>megaloblasts» among the 
nucleated blood cells obtained by sternal puncture. Of the erythro- 
blasts, representing 12.1 % of these nucleated blood cells, the 
remaining 6.9 % were »normoblasls». 

But most investigators have not lound megaloblasts or, more 
correctly, the erythroblast types which they call megaloblasts, in 
normal sternal marrow (Henning, Keilhack, Forsell and many 
others). 

. In 1937 > in a not ver Y convincing publication, Schulten main- 
tained that the megalo types and macro types are not derived from 
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two fundamentally different cells, but from one and the same 
cell, i.e. from the cell discussed by myself in the same year as a pro- 
macromegaloblast. But Schulten, at variance with myself, main- 
tained that the megalo and macro types follow two different cour- 
ses in their development. 

Thaddea and Bakalos maintain that the two erythroblast 
types (the megalo and macro types) are cells which run a completely 
parallel course and undergo a completely different erythropoietic 
development, — the »normoblastic» and the »megaloblastic» series. 
Thus in this matter they agree with Naegeli, Rohr, Dean, Piney, 
Schilling, Murphy, Nordenson and many others. 

Other investigators may the same thing quite simply in another 
way, — that the megalo series develops from the youngest erythro- 
blast forms, in response to an inadequate supply of the antiperni- 
cious factor (Dameshek, Valentine, Peabody, Isaacs, Henning). 

After investigating goats’ milk anaemia in children, Veene- 
klaas has suggested that there are two possibilities of development 
for the large, young erythroblast types, one through normoblasts to 
normocytes, one to »megalocytes». 

Other investigators follow quite different lines in their nomen- 
clature. Israels, for example, formulates the following erythro- 
blast types: The haemocytoblast, the proerythroblast, megaloblasts 
types A, B, and C, as well as normoblasts types A, B, and C. He 
formulates a scale of development of the erythroblast forms based 
on the following nomenclature (fig. 2). 

Haemocytoblast 

\ 

Proerythroblast 

I 

1 

Normoblast ty 

i: 

» 

Fig. II. Diagram of the development of the erythrocytes according to Israels. 

He gives the following description of the cell forms men 
tioned: The haemocytoblast, original or parent cell, is barge; and has a 
comparatively large nucleus occupying most of the cell. The brim 
of the cytoplasm is small and blue. The nucleus is a somewha 
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liglilei blue and has a blurred nuclear structure. There are two or 
more nucleoli in the nucleus. The proerythroblast is the youngest 
cell which certainly belongs to the erythropoietic system. The 
cell is large and its large nucleus has a clearly marked structure. 
There are several nucleoli in the nucleus. The megaloblast tvp c A 
is smaller than the proerythroblast and has dark blue cytoplasm. 
There arc no nucleoli in the nucleus which has a character istically 
open chromatin net. The nucleus of the megaloblast type B is 
shrunken and Iras a network which is finer and still more open. 
The cytoplasm contains haemoglobin. Tire nucleus of the megalo- 
blast type C occupies an eccentric position, is small arrd pyknolic. 
This nucleus lacks a pattern or has only a suggestion of one. 

The normoblast type A is large but somewhat smaller than the 
megaloblast type A. Dark blue cytoplasm forms a ring round a 
large, circular nucleus. There are no nucleoli in the nucleus whose 
chromatin is distributed in haphazard fashinon in dark clumps 
separated from each other by lighter areas. The normoblast typcB 
is small, only a little larger than a normal erythrocyte. The nuc- 
leus occupies only about half of the cell. The chromatin is collected 
in clumps sometimes distributed like the spokes of a wheel. The 
colour of the cytoplasm shifts from blue, through grev-blue to red. 
The normoblast type C is small, of the size of an ordinary erylhro- 
cjde. The pj'knotic nucleus shows no definite structure. According to 
Israels, the megaloblasts, particularly those of types B and C, 
are associated quite as a matter of tradition with pernicious anemia. 
The normoblasts are precursors of the normal eiylhrocytes. 

Israels’ nomenclature and classification seem unnecessarily 
artificial and »schcmatic», and arc so foreign to the usual classifica- 
tion of the crylhroblasts that there is little point in building further 
on these. 

2) Own Investigations. When we study the erythropoietic cells, 
notably those associated with the so-called hyperplastic conditions, 
we find a veritable swarm of cell types. Since the introduction of 
liver treatment by Minot and Murphy in 1926 subsequent to the 
preliminary work of Whipple, and above all since the introduc- 
tion of sternal puncture as a clinical test, we have been so enriched 
by the material available for investigation that wc have gained a 
much improved insight into the function of the bone marrow. 
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In the present work, serial investigations of smears from the 
sternal marrow in cases of pernicious anaemia have led me to feel 
justified in claiming that I have discovered the process of deve- 
lopment which the erythroblasts undergo normally and in this 
disease. This development points to the sequence: normocytes, 
macrocytes, and possibly megalocytes. All the various types of 
erythropoietic cells are intimately connected with each other and 
form an indestructible entity from the developmental point of 
view, both in health and in all the types of anaemia and diseases 
of the blood. This entity is characterized by innumerable transi- 
tional forms » (Fig. V A. a. pag. 83) between the types of erythro- 
blast discussed in the previous chapter IV A. The notion that there 
are two different developmental series should be completely dis- 
carded, and it is most probable that all the erythrocyte types are 
developed from the same parent types and through the same forms 
of erythroblast which, may, however, vary somewhat morphologi- 
cally if there is a shortage or total lack of certain substances necess- 
ary for their ripening into normal erythrocytes. 

The above-mentioned »transitional forms# render difficult the 
classification of erythroblast forms in well-defined, distinct types. 
In other words, we cannot in most cases say whether a given cell 
is a typical macroblast or a typical megaloblast or, in a wider 
sense, is a well-defined form of erythroblast. What we can say with 
certainty is that such and such a cell for example resembles mor- 
phologically a megalo type in an early stage or a macro type in 
some other stage, or one of the other forms of erythroblast. Such a 
standpoint is also the most natural. Here, where we have only 
one coherent process, it would be impossible to say whether such 
and such a cell belongs to a fixed place in our scheme. This would 
also not be very satisfactory from a physiological point of view. 

In the differential counts of bone marrow smears in the pre- 
sent work, the percentages refer to the relative proportions of the 
cells which most closely resemble the main types already described 
and figuring in the framework of our tables (see fig. HI). 

The youngest cells which in the present work could with cer- 
tainty be characterized as erythropoietic are the promacroblasts 
already described. When the supply of the antipernicious anaemia 
factor is normal, and when the conditions for erythrogenesis are 
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mecjalocytes macrocytes normocytes 

ovalocytes 
spherocytes 
sicKle cells 


Fig. III. The author’s diagrammatic presentation of crythropoiesis with 
the development of all the erythrocyte types. It also shows the interrelation- 
ship of all the known erythroblast forms. In the sections bounded by a broken 
line are the macro megaloblastic transitional forms. 

A. P. The reversible process in pernicious anaemia. 

M. A. -e The reversible process in macrocyte anaemias. 


in other respects in a state of equilibrium, this cell develops through 
the normal macroblast stage to the normoblast, i.e. through the 
macro and normo types to the light in fig. III. 

When the supply of the. antipernicious anaemia factor fails, 
one may assume that there is a morphological change in develop- 
ment, and that the erythroblasts degenerate more and more and 
approach the megalo types in appearance, i.e. come nearer and 
nearer to the cell forms to the left in fig. Ill, following the arrow 
A.P. Now we must, however, in pernicious anaemia, as in diabetes 



mollitus for example expect differences in the supply of diormone* 
to organs and individual cells. Here 1 class insulin and the anti- 
pernicious anaemia factor together as hormones to indicate that 
in pernicious anaemia one may expect to find various forms of 
crythroblast whose occurrence depends on the degree and develop- 
ment of this disease. In theory one should then expert the marrow 
in cases of dotal pernicious anaemias to be composed exclusively 
of promacromcgalob lasts and the inegalo types in their most 
advanced forms as they must be supposed to belong to that type 
of cell which, in its pure form, appears when the supply of the anti- 
pernicious anaemia factor to the cell fails completely. A descrip- 
tion of such a fully developed form of pernicious anaemia is not 
to be found in the literature nor in my own records. Indeed, in my 
opinion a pure megaloblnstosis is incompatible with life. Hardly 
any of the large erythrocytes in pernicious anaemia can have been 
derived from megaloblasts for, as already pointed out, these cells 
probably degenerate and do not turn into erythrocytes (see also 
my case records in which no cosinophilc megaloblasts practically 
were to be found in differential counts). Consequently, the production 
of erythrocytes would cease completely when thercwasdotalmcgalo- 
blastosis". As this point of view is completely at variance with 
what is commonly accepted, it must be explained more fully. 

The large megalocyles have been held for half a century to be 
derived from the megaloblasts (Nakgkm. Leitner). My m ' n 
sternal punctures have, however, led me to believe that the large 
erythrocytes in pernicious anaemia arc derived from the macro- 
blasts, particularly from the transitional forms of macromegalo- 
blnst, and must therefore be regarded as macrocytes. The larger 
an erythrocyte is, the closer is it. related to the mcgalo types (sec 

fig. III). The pure, megaloblasts do not develop into megalocyles, 

but degenerate at an earlier stage as already pointed out; and a 
sternal marrow consisting exclusively of megaloblasts does not 
exist for obvious reasons. As long as the sternal marrow in perm 
cious anaemia contains erythropoietic cells, i.e. cells of the macro 
blast type, relatively capable of reproduction, a certain number 
of erythrocytes will be formed although they will, to be sure, c 
pathological. Among them the macrocytes will dominate, and this 
will be so more and more as the anaemia develops and the macro 
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types in the sternal marrow acquire a megaloblastic character 
more and more, approaching the megalo type morphologically. 
The marrow will gradually become less productive although the 
erythroblast count is comparatively high (see later chapters). 
This again shows that the more the erythroblasts resemble the 
megalo types, the smaller will be the quantity of these cells develop- 
ing into erythrocytes. 

If we consider the development of erythrocytes in pernicious 
anaemia from such a point of view, it will be easier to understand 
the morphologically different cell types in bone marrow and their 
relationships among themselves. Morphology and development 
will lose that taint of »schematism» to which a purely diagramma- 
tic presentation so easily exposes them. 

Sternal puncture in untreated cases of pernicious anaemia 
yields many different types of erythroblast. Some of them, as my 
own material show's, arc fairly typical mcgaloblasts, whereas most 
of them are transitional forms of megalomacroblasts (see my case 
records in which these last-named cells are referred to as macro- 
blasts). These transitional forms occupy a position morphologically 
between the normal macroblast and the typical megaloblast, 
and the type is determined by the degree of failure of the supply of 
the antipernicious anaemia factor to the cell. 

As far as the evidence of my material goes, it would seem that, 
as already pointed out, the typical megaloblast undergoes degene- 
ration. The mcgaloblasts can therefore hardly give rise to megalo- 
cytes which can best be described as belonging in theory to the 
eiythrocyte types, and this is the more likely as it seems to be more 
than doubtful whether quite definite cosinophile mcgaloblasts 
are to be found (see case records). At any rate there is a great nume- 
rical preponderance of macroblasts — macrocytes over mcgalo- 
blasts and the few' macrocytes which are so large and oval that they 
might possibly be confused w'itli megalocytes. 

In my study of the cell types in the various stages of pernicious 
anaemia, I have come to the conclusion, as already pointed out, that 
I am justified in maintaining that in this disease the large erythro- 
cytes must be derived from the macroblasts and not from typical 
megaloblasts. The size of the erythrocytes depends on the closeness 
of their nucleated precursors to the megalo types. The more they 
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develop to the left in fig. Ill, the greater will their size be. The few 
oval erythrocytes usually to be seen should be regarded as old 
macrocyte forms. In an earlier work on oval erythrocyte forms, 
I claimed to have shown that older erythrocytes very probably 
tend to assume an oval form. 

Tire arguments in favour of the views expressed in this chapter 
will be supported as exhaustively as possible in the further study 
of my material. 

Corn and Ciboldi, Brugsch and Wintrobe maintain that 
the increase in the average size of the erythrocytes during the crisis 
following liver treatment suggests that megaloblasts ripen into 
megalocytes. In the first place it seems very unlikely that the few 
megaloblasts found could give rise to the many »megaloeytes» 
in smears from peripheral blood in pernicious anaemia. In my 
cases 54 and 59, for example, the basophile macroblasts were seen 
during a short period to develop into eosinophile macroblasts 
which most naturally and most probably should be regarded as 
precursors of eosinophile macrocytes. Later 'on in the regeneration 
period of pernicious anaemia, the basophile macroblasts develop 
as usual through normoblast stages into normocytes. In the second 
place it is natural that the average size of the erythrocytes rises 
when the small erythrocyte types, the schizocytes, the microcytes 
and most of the cell variations of anisocytosis disappear. It is also 
obvious that the great number of reticulocytes thrown into the 
peripheral blood during the crisis must raise the average size 
of the erythrocytes as long as the intense new formation and change 
in the composition of the bone marrow are proceeding. In health 
the erythrocyte is, to be sure, smaller than the reticulocyte. It is 
also very natural that, during this intense period of regeneration, 
a certain number of macrocytes should slip out from the bone mar- 
row on a macroblast basis. Note in this connexion Person s state- 
ment that normal reticulocytes are from 1.12 to 1.15 times as 
large as a normal erythrocyte, and, in pernicious anaemia, from 1.21 
to 1.29 times as large as a normal erythrocyte. 

Conclusion: All ihc erythrocyte types are developed from ihe 
same erythropoietic cell types in the sternal marrow and through the 
same crythroblast forms. These erythroblast forms, for example Ihe 
megalo types and the transitional, macromegaloblast forms in per- 
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nicious anaemia may vary morphologically if they lack substances 
necessary for their ripening (fig. III). The large erythrocytes of perni- 
cious anaemia arc derived from macroblasts and transitional macro- 
megaloblast forms, and they must be defined as macrocytes from the 
morphological and genetic points of -view. ■ 



V. The Normal Sternal Marrow. 


1) Previous investigations. In 1868, Neumann gave an account 
of the bone marrow as an organ, and in the same year Bizzozero 
described its wealth of blood vessels. But, to judge by the litera- 
ture, no one seems to have investigated the interrelationship of the 
various types of cell in the bone marrow or the absolute number of 
nucleated blood cells before Wolownik did so in 1905. His smears 
were obtained post mortem from the marrow of 60 patients "who 
had died of sepsis, tuberculosis, pneumonia, cirrhosis of the liver, 
nephritis, heart disease or tumours. He found that the erythro- 
blasts constituted 0.6 to 5.6 per cent, of the nucleated blood cells. 
In 1910, I. Lossen put this percentage at 10.7, after emulsifieing 
and shaking up with glass beads marrow pressed out of the ribs 
of the cadaver. His counts of nucleated blood cells ranged from 
270,000 and 1,568,000 per mm 3 . In 1915, Schilling and Benzler 
examined the marrow of the cadaver and found the erythroblasts 
were, on the average, 36.6 per cent, of the nucleated blood cells, 
the range of variation being between 31.6 and 42 per cent. Twenty 
years later, Dameshek put this percentage at 50, and in 1937, 
Isaacs found 900,000 to 1,000,000 nucleated blood cells per mm 3 in 
the marrow of the cadaver. As we shall see later, these figures are 


much higher than those yielded by sternal puncture. 

Naturally counts from cadaver marrow treated in different 
ways cannot be very exact nor give concordant findings. This is 
why so few such investigations are to be found in the literature. 


When sternal puncture was introduced, its advantages became 
apparent, and it led to a growing demand for more knowledge of 
the normal marrow. During the last 15 years, a wliole series of 
investigations has increased our knowledge of the composition of 


the normal sternal marrow. 


.X . 
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The sources of error in the quantitative and qualitative estima- 
tes of the bone marrow are still great, the greatest being the admix- 
ture of blood. For sternal puncture yields sternal blood as well as 
the extravascular cells of the sternal marrow. This sternal blood 
is drawn during aspiration from capillaries and mixed with the 
extravascular cells of the bone marrow in variable quantities. 
Sternal puncture also yields whole particles of connective tissue 
and fat as well as blood from the sintcrsinusoidal capillaries#. The 
greater the quantity aspirated, the greater the admixture of blood, 
and the smaller the number of the cells proper to the bone marrow. 
All who have practised sternal puncture have quickly found this 
out and have therefore sought to aspirate as little sternal blood as 
possible. From 0.1 to 0.3 cc. is usually regarded as the most suitable 
quantity to aspirate. 

It may be noted that when the sternum was trephined, the 
youngest cell forms were found to be relatively more numerous 
than they are now on sternal puncture (Leitner). 

To show how the number of nucleated blood cells in sternal 
marrow diminishes between the first and later drops of aspirated 
blood, Tuciiinsky and Kotarlenko have examined patients 
suffering from typhus, and have found the first drop to contain 
from 23,700 to 223,200 nucleated blood cells per mm 3 . After the 
aspiration of 5 cc. of blood, this number fell to 10,000 to 27,500. 
In his 12 cases, Greif found a reduction between the first and fifth 
drops of from 8,000 to 94,000, with an average of 38,200 per nun 3 . 

On the other hand, conditions arc very commensurate when 
the technique is uniform. Corn seems to he quite right in saying 
that if only one keeps to the first drop of Wood, conditions arc 
practically constant. 

There is also a tendency for many to believe that the sternal 
marrow icflects the conditions in the whole of the bony system 
(Corn, Reiter, Nordenson, Stodtmeister and Buchmann, 
Scilung, Yamamoto). This possibility that the sternal marrow 
is representative of the marrow of the whole bony system as the 
creative source of the Wood cells opens up wide perspectives in our 
interpretation of the findings of sternal puncture. In a healthy 
person, killed by accident, Stasney and Higgins found in »ab- 
klatsch» preparations the same morphological conditions in the 
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sternum, ribs and vertebrae. Much fat may be found in hypoplastic 
conditions and may impair our judgment (Reiter). Others also 
have maintained that, under pathological conditions, sternal marrow 
can be inhomogeneous (Helpap, Jeanneret, Domarus). 

T. S. Hansen found morphological conditions in sternal mar- 
row to be constant at various ages, from 11 to 70 years. On the 
other hand, Seggel and Reiter found that sternal marrow be- 
comes poorer in cells and richer in fat with increasing age. 

Stodtmeister and Buchmann have shown that sternal punc- 
tures, even when they are repeated very often, have no effect on 
the composition of the cells in the blood. In serial investigations 
of the same persons, Nordenson and Mallarme found conditions 
to be constant. Greif has shown that, when sternal puncture was 
carried out at points near to each other in the horizontal line, the 
number of nucleated blood cells ranged between 1 0.4 and 1 14.4 
per cent., and at different levels with less than i 30 per cent., 
counts at different times ranging from t 1.2 to * 11.8 per cent. 

Table 1 gives the findings of several investigators in respect 
of nucleated blood cells and the percentage of erythroblasts in 
relation to them on the sternal puncture of normal persons. I have 
been unable to compare my own material with some of the findings 
published by other investigators as the technique of their counts 
and differential counts has departed too much from that usually 
employed by others as well as myself. Yidebaek, for example, 
bases his calculations on the relationship of the various cell types 
to the »specific» marrow cells. He has hoped in this way to eliminate 
the influence of any admixture of blood on his figures. His system 
gives an artificial impression and is somewhat obscure. For in the 
first place one must assume’ that in normal sternal marrow there 
are always some types of leucocyte which belong to the peripheral 
blood and which do not hail from the capillary blood. In the 
second place we may have to form an opinion in a series of condi 
tions in the bone marrow in which a relatively great number of the 
older nucleated types of leucocyte is to be found, as for examp 2 
in chronic myeloid leukaemia and leucocytoses of different aelio 
logy. 

On the whole, the figures in table 1 are remarkably concordan 
when one remembers that the various investigators have use a 
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Table 1. A survev of the normal material of several authors with regard to the 
number of nucleated blood cells found on sternal puncture and the percentage 
of erythroblasts among them. 


Range of nucleated 
blood corpuscles 


Erythroblasts 
per cent 


variation Mean Variation 


Number of 
persons 


Arinkin 1929 

Barta 1931 

Escadero and 
Varela 1932 .. 

Segerdahl 1935 . . 

Nohdenson 

Picena 1937 

J. Malarme 1937 . . 
Young and Osgood 

Gefif 1938 

Holmes and 
Broun 1933 .... 
Weil and Perles 

1938 

Custer and Krumu- 

HAAR 

Klima 1938 

Rohr 

Henning and Keil 

hack 1939 

Schartum-Hansen 

1940 

Leitner 1942 

T. Hansen 1941 . . 


11.— 6.5 —18.9 

30. 33.— 


75,000 10,000—250,000 12.— 

17.2 

18.3 
16.— 

45,000—150,000 


0. 31.— 52 

38 


5.4 —20.— 

10. 25.— 104 


Trephine marrow 32.2 
27.2 

30.— 13.4 — 43.— 10 

29.7 19.3 —40.4 10 

71,700 25,500— 95,200 15.8 8. 24.2 7 

60,000—100,000 25.3 22 

15.— 4.2 —30.4 66 


Konnerup 1941 .. 113,700 34,400—301,200 15.6 18 

Kilnle 1943 25.4 20 

Markoff 1937 .... J3 j 

Schilling >•««,*,. ^ 

Weiner and Kaz- 

nelson 1926 • Trephine marrow 25 6 

FORSELL 1939 .... 16.7 -20- 20 

Pitts and Pack- 

ham 1939 1 23.000 7,550— 46,000 9.5 2.3 —15.6 24 asp. 10 cc, 


16.7 —20.— 20 


1 ogel and Bassin 

1937 118,000 

5. ouxg and Osgood 

1935 

Tottermann 1939. . 


blood 


21.7 10.8 —33.3 28 

16.2 


ihc "" 


3 
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diversified technique in obtaining their material and in classifying 
and calculating the number of the different cells. There have been 
variations in the amount of blood used for counts, in the choice of 
first or later drops of blood, and in the counting of the nucleated 
blood cells. 

ft ■will be noted that very few investigators have counted the 
nucleated blood cells from sternal puncture. This is assuredly so 
because of the general belief that this count is of little value on 
account of its wide range of variation. A glance at table 1 shows 
that the numbers of the nucleated blood cells are well within the 
normal limits of variation as set by Elsa Segerdahl. It is natural 
that Pitts and Packham have found such low figures as they aspi- 
rated 10 cc. 

The table shows that the normal range of the erythroblasts is 
from 0 to fully 40 per cent. These extreme limits, to judge by my 
own experience and that of most other observers, are too far apart. 
More reasonable limits are 15 to 20 per cent. 

We may surely conclude that the sternal marrow findings in 
normal material by most observers are so well in agreement with 
each other that they can serve admirably as a criterion by which 
to detect pathological conditions. Krumbhaar and Custer say 
outright that a careful differential count of bone marrow smears 
gives »true information regarding the status of the haemopoietic 
tissues. The conditions sometimes difficult to interpret .are the 
hypoplasias in which the findings may be somewhat dissimilar 
because the bone marrow may be inhomogeneous. This is also my 
experience. But in the »hyperplasias» it would seem that one can 
expect to find stable conditions in the marrow of the sternum 
and other bones. 

2) Oum investigations and an valuation of sternal puncture as a methou. 

To check up on the literature quoted and on my own observa- 
tions so favourable to the value of sternal puncture, I have extended 
my investigations to 20 other persons representing normal material. 
They were patients in the Medical Department B of the Riks 
hospital and their peripheral blood and blood sedimentation test 
were normal. They suffered from such »benign» diseases as ischia 



35 


Table 2. The author's sternal puncture normal material. Average figures and 
range of variation of the numbers of the nucleated blood cells and of the diffe- 
rential counts from smears (20 cases). 


Erytliroblasts 

Leuco- 


per cent 


Megalobl. 


Macrobl. 

o 

&. 

o 


blasts 

cytes 

megalobl. 

macrobl. 

bas. 




Variation 


9.3 —22.5 


77.5 —90.7 


0. — 3. 



Normobl. 

bas. 

» 

72.80 

41 —89 


eos. 

» 

17.— 

6. —36. 

Erythrobl. 

has. 

f> 

0.40 

0. — 3. 


eos. 

» 

0.15 

0. — 2. 

Erythrobl. 

has. 

!> 

1.50 

0. — 5. 

division forms 

eos. 

» 

0.35 

0. — 3. 

Megacaryocytes 


)> 

0.14 

+ — 0.75 

Mast 

immature 

J> 

0.20 

0 — 0.50 

cells 

mature 

» 

0.09 

0. — 0.75 

Eos. 

myelocytes 

)> 

1.61 

0.25— 3.75 

Leucocytes 

band forms 

» 

1.36 

0.25— 2.75 


polymorphs 

» 

0.73 

0. — 2.25 

Myeloblasts 


» 

2.21 

0.50— 4.50 

Praemyelocytes 


» 

4.90 

1.50— 9.75 

Neutrophiles 

myelocytes 

» 

14.68 

8.75—23.50 


young forms 

» 

29.60 

22.25—37.50 


band forms 

» 

12.10 

• 8.25— 16.50 


polymorphs 

» 

9.98 

4.75—17.25 

Mono- 

blasts 

» 

| 1.58 



cytes 

3 

0.50— 3.25 

Lymphocytes 


ft 

16.08 

9.25—20.25 

Plasma & Turk cells 

f> 

0.91 

0. — 2.25 

'Smears cells 


» 

3.62 

0.75— 7.25 

Reticuloendothelial cells 

» 

0.21 

0 . — 1 . 

Nucleated blood corpuscles 


98,290 

(20,000)39,300— 21 S 


gia, gastric ulcer without haemorrhage, and other ailments not 
likely to involve the blood-forming organs. 

Table 2, which deals with my own normal material, shows that 
the figures for the nucleated blood cells yielded by sternal puncture 
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were within the limits indicated in the literature (see table 1), the 
average of 98,300 cells per mm 3 , being close to the figures of other 
observers. The normal range of variation must he put at 20,000 to 
30,000 and up to fully 200,000 nucleated blood cells per mm 3 . 
These figures should be a very useful guide to pathological condi- 
tions. Table 2 also shows that my erythroblast findings tally well 
with those of other observers, my average being fully 16 per cent., 
and range of variation from 9 to 22.5 per cent., — useful guides 
to the study of pathological conditions. 

Table 28 (pag. 112) deals with single examinations of normal 
material. From the description of the punctures it will be seen that 
they were all associated with a moderate degree of aspiration pain. 
A macroscopic examination showed numerous particles of marrow 
and fat in about equal quantities, with some preponderance of the 
latter. The aspiration in nearly all these cases proved easy. The 
maximum vacuum required was that obtained when the piston of 
the syringe was drawn back to the lines marking 10—15 cc. The 
first puncture of patient XI in my normal material showed quite 
extraordinary results which were not included in the calculation 
of the average range of variation. This was evidently one of those, 
rare cases in which a focus of fat was aspirated. No discomfort was 
experienced during the aspiration which yielded only numerous 
particles of fat mixed with a little blood. The differential count 
showed a relatively great number of neutrophile leucocytes with 
segmented nuclei indicating a liberal admixture of capillary blood. 
The small number of nucleated blood cells (10,000) per mm. pointed 
in the same direction. A new sternal puncture yielded 91,100 
nucleated blood cells per mm. 3 , the sternal mairow being normal 
also in other respects. 

Table 2 also shows the average figures of differential counts of 
sternal puncture smears. Here, too, there is good agreement with 
the summary of the counts from each patient in table 28. With 
regard to erythropoiesis, it will be noted that, under normal con 
ditions, there are here and there a promacromegaloblast, a small 
percentage of macroblasts, and numerous normoblasts consisting 
mainly of basophile types. 

Among the other cells yielded by sternal puncture of norma 
material are a few megaearyocytes and giant cells, some old, 
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others young. There is always a certain percentage of eosinophile 
leucocytes, mainly young forms. There is always a small percen- 
tage of myeloblasts, a slightly greater number of praemyelocytes, 
and comparatively numerous neutrophile myelocytes. The cell 
always present in the greatest quantities is the neutrophile meta- 
myelocyte (about 30 per cent.). A smaller percentage is represented 
by 'neutrophile band forms and polymorphs. The monocytes are 
comparatively rare, whereas the lymphocytes are quite numerous 
(10 to 20 per cent.). As a rule, a few reticulo-endotlielial cells are to 
be seen, and there are always some macerated cells. 

The nomenclature and methods of calculation in the literature 
are so varied that it is practically impossible to undertake a detail- 
ed comparison with my own material of differential counts from 
sternal puncture of normal cases. One thing is at any rate certain: 
The findings must be fairly alike considering the above-mentioned 
similarity of the results with regard to the numbers of the nucleated 
blood cells per mm 3 , in sternal blood and the relationship between 
the erythropoietic and the leucopoietic cells. 

Table 3 gives a summary of the findings of repeated sternal 
puncture of my untreated cases of pernicious anaemia. Note that 
the variations in the differential counts from one and the same 
patient are remarkably small. 

My own observations and those of other workers referred to in 
this chapter show that sternal puncture is well suited to the inves- 
tigations on which this work is based. 

Conclusion: 

1) The results obtained, by several observers and by myself arc in 
agreement with regard to the qualitative and quantitative composition of 
normal sternal marrow. 

2) My own investigations of sternal puncture repeated several 
times on the same patient have yielded uniform findings. 

3) The average number of nucleated blood cells from sternal 

puncture is 100,000 per mm., a range of variation from 20,000 to 
fully 200,000. 

4) The average percentage of erythroblasis in relation to the nuc- 
leated blood cells from sternal puncture is between 15 and 20, with a 
range of variation from 10 to 25 per cent. 
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5) On rare occasions practically pure joci oj fat are found in nor- 
mal sternal marrow. 

6) The average incidence of other nucleated cell forms found on 
sternal puncture is mentioned. 

7) Sternal puncture in normal persons is associated with a mode- 
rate degree of aspiration pain. 

8) Normal sternal puncture yields numerous macroscopic par- 
ticles of marrow and fat, the latter being somewhat the more numerous 
of the two. 

9) With the technique employed, sternal puncture gives a reliable 
picture, quantitative and qualitative, of the nucleated Mood cells of 
the sternal marrow. 



VI. The Sternal Marrow in Untreated Pernicious 

Anaemia. 

A. Quantitative conditions. 

1) Previous investigations. Ever since Cohnheim in 1876 con- 
cluded from the extensive distribution of red bone marrow in per- 
nicious anaemia that it is a disease of the bone marrow, the opinion 
has been held that there is a great increase of red, pathological 
bone marrow. The microscopic picture lias been talcen to indicate 
a profusion of the precursors of the erythrocytes, but the character 
of these precursors has been in dispute. 

Most observers have subsequently regarded the bone marrow as 
functionally hyperactive and hyperplastic. It was held that on 
account of the great destruction of cells supnosed to be due to phago- 
cytosis or haemolysis, the bone marrow was unable to create 
enough blood cells to balance this loss. 

In 1926, Minot and Murphy introduced liver treatment which 
created new arguments in the discussion of haemopoiesis in per- 
nicious anaemia. Where and how did the antipernicious anaemia 
factor act? 

Many still believe that pernicious anaemia is due to increased 
blood destruction, witness the high bilirubin figures in the blood 
and the excretion to some extent of large quantities of urobilino- 
gen in the urine. This excretion was supposed to proceed parallel 
with the progress of the anaemia and to disappear with liver treat- 
ment whose introduction has brought much to the fore the theory 
that inhibition of the bone marrow’s function is due to failure of 
the. supply of the antipernicious anaemia factoi . How this factor 
is related to erythropoiesis is not yet quite clem . Many hold that 
some constituent of the liver »loosens the bonds*) preventing the 
bone marrow from reacting to the stimulus of pernicious anaemia, or 
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that the youngest precursors of the erythrocytes accumulate 
because of an insufficiency of the supply of the antipernicious 
anaemia factor necessary for their ripening. When this factor is 
supplied, the bone marrow again becomes normal. Whipple sees 
in the large quantities of bilirubin and urobilinogen a stimulus to 
blood formation, not as indicating any kind of destruction, hut the 
presence of unemployed pigment. 

On the background of these observations, very briefly referred 
to, we must try to interpret the sternal marrow findings in per- 
nicious anaemia and ask ourselves if there are not other possible 
explanations of the state of the marrow in this disease. 

In the literature there are only a few and scattered isolated ob- 
servations on the number of the nucleated blood cells in the mar- 
row in pernicious anaemia. 

Elsa Segerdahl has found an average of 129,100 (t 18,400) 
nucleated blood cells per mm. 3 from the sternal puncture of 24 cases 
of untreated pernicious anaemia. In 1935, Young and Osgood 
examined four cases of untreated pernicious anaemia (anaemia 
from 1.2 to 1.89 million erythrocytes) and found the erythroblasts 
from sternal puncture to represent from 32.3 to 57.1 per cent, of the 
nucleated blood cells. Zanaty examined seven patients (anaemia 
from 1.36 to 3.76 million erythrocytes) and found the percentage of 
erythroblasts to range from 38 to 75. 

All agree that the bone marrow of pernicious anaemia is abnorm- 
ally rich in cells, but figures are seldom given. On these rare occa- 
sions, the figures are put at 200,000 to 300,000 cells per nun. (Schul- 
ten, Henning and Keilhack, Rohr, Schilling, Klima, Seger- 
dahl, Markoff, Penati, Malarme, P. E. Weil, Thaddea, Baka- 
los and many others). 

Own investigations. My own material consists of 49 cases of 
untreated pernicious anaemia in which 71 sternal punctures were 
made. The figures are not quite comparable as from 0.1 to 1 cc. 
of sternal blood was aspirated after three to five smears had been 
prepared. 

As table 4 shows, the nucleated blood cells ranged from 5,000 
to 240,000 per mm. These figures must be regarded as the extreme 
limits to be discussed later on; On the whole, these figures lay very 
evenly around the average figures in this table. 



Tabic 4. The number of nucleated blood cells found on sternal puncture and 
the percentage of erythroblasts among them in untreated cases of pernicious 
anaemia. Arrangement according to the degree of the anaemia. Own material. 


Case No 


11 


4 

54 

50 

5C> 

36 

25 
18 b 
10 
59 
14 
30 

26 
22 
52 
33 


Average 

47 
IS a 

1 

57 
28 
32 

58 
6 

51 

53 

2 

27 

23 

48 


Average I 





Erythrocytes in 
mill. Capillary 
blood 

Erythroblasts per 
cent of the nuc- 
leated sternal 
morrow cells 

0.71 

26.5 

0.89 

35.5 

0.89 

39. 8 

0.91 

56.8 

0.91 

54.8 

0.95 

18.5 

1.01 

37.5 

1.11 

55.2 

1.12 

47.6 

1.18 

33.3 

1.19 

3S.0 

1.20 

30.2 

1.22 

35.6 

1.26 

35.1 

1.28 

47.2 

1.33 

50.9 


Nucleated 
sternal cells, 
per nun 3 


1.10 million 
" 1.33 
1.37 

1.39 

1.40 
1.42 

1.42 

1.43 

1.44 
1.48 
1.50 
1.53 
1.58 
1.67 
1.75 


1.48 million 
1.82 : 
1.88 

1.89 
1.95 
1.95 

1.90 

2 . 00 ;; 

2.01 

2.04 

2.06 

2.17 


43.7 per cent 



2.27 

2.37 

2.38 
2.38 
2.46 
2.69 
2.87 
3.15 
3.61 

2.69 million 


39.9 per cent 

34.2 ' 

34.2 

42.0 

46.9 

57.8 

35.0 

27.3 

33.3 
34.6 

22.9 
26,8 

35.9 per cent 



Number 
of punctures 


Marrow atrophy 


1 

1 



68,100 

78.600 

62.600 
208,100 
103,200 


100,000 

61.300 

87.000 
93,200 
78,400 
9S,C0D 

57.900 
31,500 

51.300 
118,500 

51.000 

72.900 
140,800 

80,600 
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The lowest figure (5,000) is much below the lowest limit f or 
normal punctures. Several features in the record of this case throw 
light on this low figure. Numerous particles of fat and no particles 
of marrow were aspirated. The relative admixture of capillary 
blood was also great. The differential count showed a compara- 
tively high figure for polymorphs, and very few young forms. 
Evidently in this case the marrow aspirated was rich in, fat and 
was mixed with much capillary blood. As, however, 2G.5 per cent, 
of the cells consisted of erythroblasts, there must have been some 
erythropoietic tissue in the area aspirated. When sternal puncture 
was repeated 14 hours later in the same area, no fat particles, but a 
certain number of marrow particles were found. There were 43,300 
nucleated blood cells per mm. 3 in spite of the fact that a quite con- 
siderable quantity of sternal blood (0.55 cc.) was aspirated. It 
should, however, be noted that the patient had received an injec- 
tion of liver extract just after the first sternal puncture. But the 
differential count of the sternal blood gave no ground for thinking 
that this treatment had had any demonstrable effect after so short 
an interval, for the morphology of the cells was identical with 
what is usually found in untreated pernicious anaemia. This case 
would thus seem to show that, in pernicious anaemia, foci of fat 
may be found interspersed in the red hone marrow. The patient's 
peripheral blood contained 0.68 million erythrocytes per mm. Here 
it is conceivable that the foci of fat were indicative of disappearance • 
of red bone marrow which it displaced. As already pointed out, 
similar foci of fat have been found post mortem in cases of perni- 
cious anaemia. 

In 1910, Ziegler found in »pernicious anaemia» several cases of 
aplasia of the red bone marrow, and Dameshek and Valentine, 
who examined 20 patients with Seyfarth’s trephine, claimed to 
have found »a complete replacement of fat by proliferating cells.*) 
Rohr has never found ohypoplastic or aplastic^ sternal marrow 
in pernicious anaemia. 

This table also shows that in case 31, sternal puncture yielded 
few nucleated blood cells. In this case, also, much fat was aspirated, 
and the same reflections are applicable to this as to tire previous 
case. Under liver treatment the sternal marrow and the patients 
anaemia reacted most satisfactorily; There were 2.3S million 
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erythrocytes in the peripheral blood of this patient. Thus we may 
expect to lind the sternal marrow containing quite a quantity of 
persisting fatty tissue here and there during the progress of the 
anaemia. One often finds numerous particles of fat on sternal 
puncture from time to time in cases in which at other times a 
plentiful supply of marrow particles and nucleated blood cells 
is noted. During the reaction of the sternal marrow to liver treat- 
ment in the primary hyperplastic phase, sternal puncture hardly 
ever yields fat particles. In moderately severe pernicious anaemia, 
the fatty tissue found must be regarded as a remnant of the fatty 
tissue in normal sternal marrow. 

With regai d to the highest figures in the table, we may note 
that in case 29 there were 240,000 nucleated blood cells per mm. 3 , 
and that, on a differential count, Cl .3 per cent, of them were crythro- 
blasts. There were 2.46 million erythrocytes in the peripheral blood, 
and from earlier observations one would not expect to find a very ' 
high count of nucleated blood cells on sternal puncture and the 
number of erythrocytes in the peripheral blood to be very high in 
so moderate a degree of anaemia. Otherwise there was nothing 
remarkable about the patient whose reaction to liver treatment 
was exceptionally good. After five days the reticulocytes had risen 
to 179°/o 0 which is a very high figure for so moderate a degree of 
anaemia. The nucleated blood cells also increased in a very satis- 
factory way, reaching to over 400,000 two days after the injection. 
Evidently the functional activity of the bone marrow in this case 
was unusually lively, witness also the comparatively high figures 
noted. Each time three punctures were made in the course of five 
days, very severe aspiration pain was felt, and while there was 
no yield of fat, the marrow' particles were numerous, — observa- 
tions pointing in the same direction. 

Cases 33 and 19 may be interpreted in the same v'ay. It is 
possible that in case 19 an area exceptionally rich in cells was 
encountered, for at five subsequent punctures the counts of the 
nucleated blood cells were invariably low', to some extent vety low, 
even after liver treatment. 

The figures for the other cases are more even, and indeed so 
even that they can serve for a calculation of averages which, when 
the above-mentioned reservations are taken with regard to tech- 
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nique and interpretation of bone marrow findings, may serve as a 
basis for the study of the bone marrow and the part it plays in 
pernicious anaemia. 

Table 4, which is arranged according to increasing degiees of 
anaemia, shows that, on the average, the number of nucleated cells 
obtained by sternal puncture rises as the anaemia progresses. Depar- 
tures from this trend are referred to. The table is divided into four 
parts, without any definite criteria for their limits, and the averages 
for each are calculated. Here we see the average number of the nuc- 
leated cells rise from 68,700 to 103,200 per mm. as the anaemia 
rises from moderate to severe. The average for all these parts is 
about 80,000. All the figures lie within the limits of the findings 
for normal sternal puncture, and the average of 80,000 is almost 
20,000 nucleated blood cells per mm. less than the normal. Table 4 
also shows that the factor contributing most to the risefromthe 
comparatively small figures in moderate anaemia to the slightly 
larger figures in more severe anaemia is the increase in the num- 
ber of erythroblasts. As the table shows, the comparative number 
of erythroblasts rises evenly with the development of the anaemia, 
from the somewhat raised percentage of 28.8 in moderate anaemia 
to the very high percentage of 43.7 in marked anaemia. In the 
light of the small number of nucleated blood cells, these figures tell 
us that the absolute number of erytbi oblasts shows a veiy doubtful 
rise if it can be called a rise at all, and a i eduction in the number 
of cells of the leucocyte types. 

Table 5 is framed so as to show the rising percentage of erythro- 
blasts of sternal marrow. Here we see how these percentages and 
the number of nucleated blood cells yielded by sternal puncture 
rise as the anaemia progresses. Like table 4 this table is divided 
into four parts on the same principle as before. It shows the same 
things, but in another way. As the percentage of erythroblasts 
rises and the cells of the leucocyte types in the sternal marrow 
become fewer, we find a growing number of nucleated blood cells v 
on sternal puncture and increasing anaemia. 

Tattle 6, which is based on a study by 1. Barta of a srna 
material, is drawn up for comparison with my own findings. This 
table shows that Barta has found the same conditions with regar 
to the percentage of erythroblasts, with this exception that his 
figures are considerably higher. 



Tabic 5. The number of nucleated blood cells found on sternal puncture and 
the number of erythrocytes in the peripheral blood. Arrangement according 
to the rising percentage of crytliroblasls among the nucleated blood cells found 
on the sternal puncture of patients with untreated pernicious anaemia. Own 

material. 


Case No. 


Krylhroblnsls per 

cent of the nucleated Krythrocytcs in mill, 
cells in the sternal Capillary blood 
marrow 
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Average 


•19 


Average 

1 

12 

15 

21 

35 

10 

27 

9 

20 

Average 


51.-1 percent 


• 12.0 
•11.7 
• 11.1 
•10.5 
10.-1 
39. S 
38.0 



32. 1 per cent j 


1.12 million 


1.89 
1.10 
1.18 
1.75 
1.37 
0.89 

1.19 
1.01 
1.22 
0.98 

1.20 

1.90 

1.12 

1.37 million 


2.01 

1.82 

1.88 

1.33 

2.01 

1.18 

1.07 

2.09 

2.37 

1.20 

2.38 

2.00 


1.88 million 


22.7 per cent 


2.00 

1.58 

3.01 

3.15 

~2.39 million 


Nucleated cells in 
sternal marrow 
per mm* 


2 10,000 

77.000 

1 12.500 
220,300 

137.000 
57.900 
78,100 

208,100 

01,200 

71.000 

02.000 

50.000 

31.500 

51.000 
1 IS, 500 


100,000 


123.700 

•11,700 

79.S00 

100,000 

•19,200 

72,900 

101.800 

01,800 

9.100 
5 1,000 



87.800 

21.800 
•1-1,900 
•12.950 
• 12,100 
00,000 
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Table 0. The incidence per cent, of erythroblasts and megaloblasts on sternal 
puncture in pernicious anaemia, based on I. Barta’s study. 


Erythrocytes in the 
peripheral blood in 
millions 

Percentage of cry- 
throblasts amongthe 
nucleated blood cells 
of the sternal marrow 

Percentage of me- 
galoblasts among the 
erythroblasts of the 
sternal blood 

0.84 

77 

56 

0.98 

73 

51 

1.04 

71 

48 

1.70 

68 

31 

1.85 

62 

27 

2.80 

51 

4 

3.29 

49 

0 

3.54 

46 

0 

3.98 

45 

0 

4.10 

41 

0 


As the case records shov', sternal puncture gave rise to much 
more pain than is experienced by normal persons. We must accept 
as a well established fact the observation that the bone marrow 
in untreated cases of pernicious anaemia is much more sensitive to 
aspiration than in health. In my experience this is also the case in 
genuine hyperplastic conditions such as congenital haemolytic jaun- 
dice, whereas under hypoplastic conditions aspiration is practically 
painless. 

Conclusion: When pernicious anaemia is not treated, sternal 
puncture yields: 

1) A relatively moderate number oj nucleated blood cells per mm. 3 

2) They show a rising tendency as the anaemia progresses, their 
numbers being within the normal limits, the average being under the 
normal average. 

3) The percentage of erythroblasts is raised. 

4) This rise attains very high figures as the anaemia progresses. 

5) It seems to be a slight rise in the absolute number of erythro- 
blasts, and a fall in the number of cells of the leucocyte types. 

6) All the time throughout the development of pernicious anaemia, 
foci of fat may be found in the sternum. 

7) But as a rule, particles of marrow become more numerous an 
particles of fat less numerous as the anaemia progresses. 
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8) Agonal disappearance oj the red bone marrow is a possibility 
to be considered. 

9) In certain cases we must expect to find the sternal marrow 
functioning in a more lively way than is usual in pernicious anaemia. 

10) Aspiration of sternal blood is associated with pain definitely 
greater than under normal conditions. 

B. Quantitative Conditions. 

1) Previous investigations. Ever since investigation of the bone 
marrow in pernicious anaemia was started, attention has been 
drawn to the great number of mononuclear cells which for a long 
time were thought to present a tymphoid character (Naegeli, 
Ziegler). They were called lymphoidocytes by Pappenheim and 
erythrogenies by Helly. In 1924, V. Schilling took the definite 
standpoint that the »lymphoid marrow» of pernicious anaemia is of 
a erythropoietic character. 

As already repeatedly pointed out in this work, a discussion 
of this subject encounters difficulties of nomenclature. One fails 
to find in the literature accounts of investigations — at any rate 
on a large scale — in which, by differential counts of sternal marrow 
smears, an attempt has been made to ascertain the interrelation- 
ship of all the various types of crythroblast during the development 
of pernicious anaemia. Yet there are many works in which this prob- 
lem is discussed, and according to most of them there is a pro- 
fusion of megaloblasts (Leitner, Corn and Ciboldi, Brugscii, 
Wintrobe, Ellermann, Henning, Merwe, Segerdaiil, Barta, 
Ziegler and many others). 

With reference to the purely numerical conditions, Giovani 
Ghedini in 1910 found on puncture of the tibia of a man aged 57 
already referred to (h e may possible have had pernicious anaemia) 
for every 100 erythrocytes obtained by tibia trephinate, 15»megalo- 
blasts» and 4/ »normoblasts», as well as numerous divisional forms. 
This method of calculation and estimate of morphology docs not 
give even approximately useful results with which to compare 
present day investigations. Young and Osgood (1935) have found 
a rise in the number of »megaloblasts» and »normoblasts». Markoff 
and Storti (1937) as well as Tempka and Braun have done so too. 
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In 1921, Zadek made a similaT finding on trephining the tibia and 
Barta on trephining the sternum. Zanaty found »megaloblasts, 
macroblasts and normoblasts*), and his »megaloblasts*> constituted 
on the average 40 to 50 per cent, of the cells of these types in 
untreated cases of pernicious anaemia -with from 1.36 to 2.13 mil- 
lion erythrocytes in the peripheral blood (seven cases). Schulten, 
who found many »proerythroblasts» made a similar finding. Tempka 
and Braun (1932) found proerythroblasts, normoblasts and megalo- 
blasts, while Dameshek and Valentine found great numbers 
of erythrogenies (»promegaloblasts»), but very few more mature 
forms. Tiiaddea and Baicalos, Peabody, Segerdahl, Penati 
and Saita as well as many others have made and described similar 
findings. 

A collective survey of the findings of all these authors shows 
that they agree over the number of the erythroblasts, particularly 
the younger forms, being increased. As the nomenclature differs 
greatly according to the haematological school to which various 
observers belong, and as their conception of erythropoiesis lacks 
uniformity, the literature concerning the morphology of the con- 
stituents of the bone marrow in pernicious anaemia presents a 
very confused picture. 

Own investigations. The sternal marrow in 50 cases of untreated 
pernicious anaemia was examined by differential counts of cells 
yielded by 71 punctures made at various stages in the development 
of the untreated disease. There should therefore be sufficient 
material by which to form an estimate of the morphological deve- 
lopment of the sternal marrow in the progressive course of the 
disease. In this investigation special attention was paid to erythro- 
poiesis. 

Tables 7, 8, 9 and 10 give the differential counts from smears 
obtained by sternal puncture, only the result of one puncture 
being noted in the cases in which several punctures weie made 
before treatment with liver extract was instituted. Table 3 gives the 
results of several punctures of the marrow of one and the same 
patient before treatment, and, as already pointed out, these fiS !!5 ^ 5 
corroborate one another. The tables are arranged so that the jn 
ings of the differential counts follow the development of the perm 
cious anaemia. Table 7 begins witli the findings in cases with 
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Tabic 7 Differential count of sternal puncture smears from untreated cases of 
pernicious anaemia with 0.71 to 0.05 million erythrocytes in the peripheral 
; blood. Own material. 


Megalobl. 

Macrobl. 


megalobl. 

macrobl. 

>1. has. 

cos. 

I. has. 


per cent 


— 7.50 3.— 
5.70 5.50 10.— 


11.30 15.— 3- 


•p Xorrnobl. bas. » 

cos. s 

Krvthrbl. bas. * 

cos. 

Ervlhrbl. has. t 

division forms cos. > 

Megacaryocvtes » 

Mast immature > 

cells mature > 

Hos. Myelocytes 
Lento- band forms 
evles polymorphs ? 

.Myeloblasts > 

'7. Praemyelocytes > 

C Xeu- myelocytes 
g tro- yong forms » 

5 philes band forms » 

philes polymorjrhs « 

Mono- blasts . 

eytes „ 

LympJiocytes > 

I’lasma A Tflrk cells 
Smear celles * 

Reticuloendothelial cells r 


million erythrocytes per nun 3 , in lire peripiior.il Mood, and table 
10 ends with tiro findings in cases wilh :{.(il million eiytlnoeytcs 
I have also collected in groups the findings in cases in which the* 
erythrocyte counts were within half a million of each other, ; r.d I 
have calculated the averages so as to ascertain if any muneiical 
index could he found to the changes taking place during the deve- 
lopment of the anaemia (table 13). 


11.5ft 

35.— 


0.25 0.25 

0.25 0.25 

2.25 0.75 

2.75 o.5o 


7*fM* 7.r»o 

10.25 1(1.25 


3.25 (1.25 


1.- 0.25 

20.50 11.25 


50 

5G 

30 




5.25 

IS.— 

22.50 

to 

!;» 

2. 


58.25 

15.— 

00. 00 

22.25 

•11.50 

8. — 

0.25 

5.50 

•1.50 

0.50 

10.— 

— 

1.75 

1.— 

3.— 

o.50 

1.— 

— 

0.25 

(C25 


0.75 

— 

0.25 

— 

— 

(1.25 

1.50 

1.00 

3.50 

1.75 

2.-"' 

1 .50 

0.25 

0.25 

2.5o 

3.50 

2.—. 

2.5<i 

(1.25 

n.-- 


10.25 

10.50 

18.— 

2(1.50 

30.75 

;*7. — 

13.— 

f*.5n 

2.50 

5.75 

5. — 

0.— 

0.25 

— . 

1 .25 

•!.— 

3.75 

2.25 

2. 

2.25 

. 

10.75 

0.25 

17.50 

•1.25 

3.50 

1 .75 







Erythropotcsis 



As the tables show, the development of erythropoiesis in the 
sternal marrow in pernicious anaemia, from its onset to its com 
plete development, falls according to the morphological findings 
into three different stages. 

1. The normo-macroblastic stage. 

2. The normo-macromcgaloblastic stage. 

3. The macromegaloblastic stage. 

To judge by the tables, most of the patients I have examine 
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would seem to belong to the third stage, and this was to be ex- 
pected as the symptoms seldom bring patient to doctor at an earlier 
stage. 

Tables 11 and 12 are arranged on the same principle adopted 
in the earlier tables, and they show the findings of erytliropoiesis 
during the development of pernicious anaemia. In the first group 
the promacromegaloblasts and the megaloblasts are collected 
together, with the megaloblasts by themselves as a sub-group. The 



























erythrocytes in the peripheral blood. Own material. 
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Tabic 11. Percentage interrelationship of the various types of ervthrobhu 
from sternal puncture smears in untreated cases of pernicious anaemia Arran 
gement according to the degree of the anaemia in each case, and the average 
crylhroblasls counts within a range of half a million erythrocytes per m m 3 in 
the peripheral blood. In group 1, the percentage of megaloblasts is put bv itself 
beside the first column, and in group 2 the mitosis percentage by itself beside 
the first column. Own material. 


Case No. 

Promakro-megnlo- 
blasts and mcgalo- 
blasts in Sternal 
marrow per cent. 

Makroblasts, cry- 
Ihroblasts and cry- 
ihroblnsts in mitosis 
per cent 

Normo- 
blasts 
per cent 

Erythrocytes 
in blood capil- 
lary in mil- 
lions 

11 

5.7 

5.7 

94.3 

0.0 

0 

0.71 

4 

13.0 

! 5.5 

87.0 ! 

0.5 

0 

0.89 

54 

13.0 

; io.o 

87.0 

1.5 

0 

0.89 

50 

16.5 

! 11.25 

S3. 5 | 

2.25 

0 

0.91 

5f> 

20.0 

2.0 

80.0 

2.0 

0 

0.94 

30 

24.5 

2.0 

75.5 

3.0 

0 

0.95 

Average 

15.5 

6.1 

84.5 ; 

1.5 

0 


25 

14.0 

9.5 

S6.0 ' 

2.5 

0 

0.01 

18 b 

10.0 

5.0 

84.0 

0.5 

0 

1.11 

10 

0.5 

3.5 

94.5 

1.0 

0 

1.12 

59 

20.0 

13.5 

80.0 

0.0 

0 

1.18 

14 

11.0 

11.6 

S8.4 

1.1 

0 

1.19 

30 

17.0 

15.0 

83.0 

1.5 

0 

1.20 

20 

17.0 

11.5 

83.0 

3.5 

0 

1.22 

22 

37.5 

10.5 

02.5 

0.5 

0 

1.20 

52 

31.0 

33.0 

09.0 

1.5 

0 

1.38 

33 

25.5 

10.5 

74.5 : 

0.0 

0 

1.33 

41 

9.0 

5.0 

91.0 

4.0 

0 

1.33 

18 a 

17.4 

6.4 

82.0 

1.0 

1 cos 

1.37 

1 

5.0 

4.0 

95.0 

2.0 

0 

1.39 

57 

22.5 

10.5 

77.5 1 

3.0 

0 

1.40 

28 

20.0 

10.0 

80.0 

0.5 

0 

1.42 

32 

19.4 

39.4 

80.0 

o:o 

0 

1.42 

58 

34.5 

23.5 

05.5 

2.5 

0 

1.43 

0 

9.2 

8.2 

90.8 

0.5 

0 

1.44 

51 

23.0 

15.0 

77.0 ; 

3.0 

0 

1.48 

Average 

18.7 

11.8 

SI. 7 

1.5 

0.05 

__ 


tables si iow that these types of cell are rare when the anaemia is 
moderate, but they grow in number as it progresses. Under no™* 1 
conditions, my investigations already referred to have faie 
show any megaloblasts whatever and less than 1 per cent, pro 
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Table 12. This table is a continuation of table 11. 


Case No. 

Promakro-megalo- 
blasts and megalo- 
blasts in Sternal 
marrow per cent' 

Makroblasts, ery- 
throbiasts and ery- 
throblasts in mitosis 
■ per cent 

Normo- 
blasts 
per cent 

Erythrocytes 
in capillary 
blood in 
millions 

53 

24.5 

l 

1 

1 

17.0 

l 

75.5 ! 

1.5 

0 

1.50 

2 

1.0 

1 

l 

0.5 

99.0 ! 

0.25 

0 

1.53 

27 

16.0 

1 

I 

10.0 

84.0 i 

3.0 

0 

1.58 

23 

27.0 

1 

J 

8.5 

73.0 ! 

3.5 

0 

1.67 

48 

17.4 

1 

I 

10.5 

82.6 i 

0.6 

0 

1.75 

7 

22.0 

I 

1 

10.5 

78.0 ! 

0.0 

0 

1.82 

24 

11.5 

1 

1 

5.0 

88.5 | 

3.0 

0 

1.88 

49 

21.0 

1 

1 

9.5 

79.0 1 

3.5 

0 

1.89 

8 

16.0 

1 

I 

7.5 

82.0 

1.0 

2 

1.95 

34 

21.0 

1 

14.0 

79.0 | 

1.6 

0 

1.95 

19 

21.0 

1 

1 

12.1 

78.4 1 

0.0 

0.5 

1.96 

Average 

18.0 

1 

9.6 

81.8 

1.6 

0.2 


5 

13.0 

i 

13.0 

83.5 ; 

2.6 

3.5 

2.00 

55 

17.5 

t 

i 

13.5 

82.5 

0.5 

0.0 

2.01 

13 

40.9 

i 

9.2 

59.1 

1.2 

0.0 

2.04 

16 

5.0 

i 

i 

5.0 

78.0 : 

5.0 

17.0 

2.06 

12 

15.5 

i 

i 

12.0 

84.5 

0.0 

0.0 

2.17 

35 

19.8 

\ 

i 

16.3 

72 . C 

2.5 

7.6 

2.27 

17 

4.0 

i 

3.5 

28.0 i 

3.0 

68.0 

2.37 

15 

2.0 

i 

2.0 

53.4 i 

0.9 

44.0 

2.38 

31 

G.O 

i 

0.0 

49.0 ' 

1.0 

45.0 

2.38 

29 

20.0 

i 

i 

16.0 

80.0 

0.5 

0.0 

2.46 

Average 

14.4 

t 

\ 

9.1 

67.1 J 

17.2 

18.5 


37 

11.9 

> 

i 

5.7 ' 

71.9 ; 

6.3 

16.2 

2.69 

21 

7.0 

i 

i 

3.0 

68.0 ] 

0.0 

25.0 

2.87 

Average 

9.5 

i 

4.4 

69.9 ! 

3.2 

20.6 


20 

9.0 

i 

i 

5.0 

78.0 1 

2.0 

13.0 

3.15 

9 

0.0 


0.0 

24.0 | 

0.0 

76.0 

3.61 


macromegaloblasts (table 2). Table 12 shows that when the erythro- 
cyte count is about three million, one begins to find megaloblasts, 
and at the same time the number of promacromegaloblasts also 
rises. Note, in this connexion my interpretation of the promacro- 
megaloblast as a precursor of all the erythroblast forms as explained 
in the section on the genesis of the ery throb lasts. As the anaemia 
progresses, the number of promacromegaloblasts and megaloblasts 
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bution over the inner surface of all the left atrium. Gross ( 1935 ) 
found in a material of 87 cases of rheumatic heart disease some sim 
of mural endocarditis in all cases. He regards however mural endo- 
carditis to be present also in cases, in which the alterations consisted 
mainly of scarring and vascularization of the endocardium without 
conspicuous cellular infiltration. 

According to these authors the inflammatory cells consisted mainlv 
of lymphocytes but also, in the acute stages, of polymorphonuclear 
leucocytes, Maccallum found, in addition, typical Aschoff bodies, 
v. Glahn found no typical Aschoff bodies but large, basophilic 
cells arranged to form “palisades” parallel to the endocardial surface, 
v. Glahn and Gross regarded however all the types of cells cha- 
racteristic of the Aschoff bodies to be present in some cases of 
mural endocarditis, they assumed that only the anatomical structure 
of the endocardium prevents the development of distinct Aschoff 
bodies of the habitual type. 

The authors mentioned did not observe the formation of mural 
thrombi as a consequence of mural endocarditis. The presence of 
a causal relation between mural endocarditis and mural thrombosis 
has hitherto been suggested only by Graef, Berger, Bunim & de 
la Cjiapelle (1937). They found in cases of rheumatic heart dis- 
ease a mural endocarditis beneath 10 out of 24 left atrial thrombi, 
apparently both in the trabeculated and in the smoothwalled part 
of the atrium. They concluded that mural endocarditis was an im- 
portant cause for the formation of left atrial thrombi. 

In the present author’s material the diagnosis of a significant 
mural endocarditis was based on the presence of a fairly uniform 
histological picture. The main feature was an infiltration of the 
endocardium with round cells (lymphocytes and plasma cells). Larger 
cells, comparable to the large cells occurring in Aschoff bodies 
were seldom observed. As a rule the cells were arranged in large, 
irregular foci near to the myocardium, sometimes there was a more 
or less continuous infiltration throughout the endocardium, which in 
2 cases was filled with tightly packed round cells (fig. s. 11. 12 ami 
13). Sometimes the continuous cellular infiltration extended also 
to adjacent parts of the myocardium. Very often a degeneration 
of muscle fibres and an increase of the interstitial connective tiVm 
could be observed in the layer of myocardium immediately outside 
the endocardium (iig. 12). As a consequence, the usually sharp!) 
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normoblasts in the sternal marrow. Here we see liow the normo- 
blasts, which normally dominate erylhropoiesis completely, rapidly, 
disappear altogether, being completely absent from the sternal 
marrow when the anaemia reaches two million erythrocytes per 
mm 3 . This is such a constant state of affairs that there are noi mo- 
blasts at a count of two million erythrocytes, it is safe to say that 
the marrow is not that of pernicious anaemia. 



I " . * I o-cr C b la': t ‘j F iMarTTiobLo^il \| MegaloUcul'ffi^ Promacro - 

t!— ll per cent per cent Di I per cent BbuJ -mcgaloblast & 

per cent 

Fig; IV. Diagrammatic presentation of the development of erythropoiesis 
during the progress of pernicious anaemia through its three stages: 

The normo-macroblastic stage. 

The normo-macromegaloblastic stage. 

The macromegalobiastic stage. 

The diagram is based on the average figures in the tablesJTl and 12. 

The starting point is 4.5 million, own normal material (table 2). 


Fig. IV, based on the averages in tables 11 and]12, presents 
the development of erythropoiesis during the progress of perni- 
cious anaemia. We see how the sternal marrow undergoes the 
above-mentioned three stages. 

Among the types of erythroblast mentioned, the pyknotic 
ery throb lasts require special mention. Tables 7, 8, 9, 10 show how 
the percentage of the pyknotic erythroblast forms varies, occasion- 
ally rising to 40—50, the highest figures being reached when the 
erythroblast count is comparatively low. In case 6, for example, 
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Table 13. The average figures for the various leucopoietic types of cell found 
on sternal puncture in cases of untreated pernicious anaemia, the calculation 

* * • 1 - -1 i _ I Q fl nll/i 1 D 


Tlie average of table: 

7. 

8. 

9. 

10. 


Anaemia in j from 




1.50 

2.00 

2.69 

| 3.15 

3.01 


millions per mm 3 \to 


0.95 

1.48 

1.96 

2.46 

2.87 




Megacaryocvtes per cent 

0.17 


0.02 

0.13 

— 

— 

— 


Mast cells immature 

» 

■ 


0.30 

0.40 

0.38 

0.25 

0.25 


mature 

» 

■ImM! 


0.05 

0.03 

— 


— 


Eos. myelocytes 



1.S1 

1.30 

1.45 

1.88 

1.75 

0.75 


leuko- band forms 

>» 

1.58 

1.75 

1.93 

1.80 

1.50 

1.50 

1.75 


evtes polymorphs 

» 

1.33 

1.37 

1.36 

1.15 

1.38 

2.50 

§fe||W 


Myeloblasts 

» 

2.75 

2.18 

2.11 

1.95 

2.13 

3.75 

'm 

CT. 

*52 

Praemyelocytes 

» 


4.69 

5.43 

3.95 

2.38 

3.75 

4.— 

o 

Neu- myelocytes 

» 

15.71 

10.40 

14.50 


9.50 

15.25 

22.25 

o 

o 

tro- young forms 

» 


27.95 

26.41 

SII0 

21.03 

27.— 

40.25 

a 

philcs band forms 

ft 

7.79 


14.68 

12.75 

19.50 

4.25 



polymorphs 

ft 

10.21 

9.13 

13.00 

16.45 

25.80 

28.25 

6.50 


Mono- blasts 

» 












0.55 

0.77 

0.87 

0.03 


WM!Ji 


cytes 

» 

j 0.40 








Lymphocytes 

»> 

7.13 

9.37 

8.23 

10.50 

3.75 

2.75 

mm 


Plasma & Turk cells 

» 



0.45 

0.25 

0.25 


933 


Smears cells 

» 

11.— 

■Brel 

7.25 

8.00 

3.75 

0.25 

7.00 


Reticuloendothel. cells 

» 

1.83 

1.51 

2.34 

0.87 

— 


0.25 


Table 13 gives the averages for the numbers of the various cell 
types of leucopoiesis on the same principle as before. The cell 
types of erythropoiesis are given in tables 11 and 12, and on the 
basis of tables 7, 8, 9, 10. 

Heie, if we compare these figures -with the normal figures in 
table 2, we find they rise on a purely percentage basis of the reti- 
culo-endothelial elements and of macerated cell types, -from 0.2 
to 1.8 per cent, for the reticulo-endothelial cells and from 3.6 to 
11 per cent, for the macerated cells. This relative or percentage rise 
is so great that it probably indicates an absolute rise in the number 
of these cells when we compare these figures with those already 
referred to for the numbers of nucleated blood cells obtained by 
sternal puncture in untreated cases of pernicious anaemia. We may 
assume that the increase in the number of reticulo-endothelial 
cells depends on the pathological metabolism of the erythropoiesis. 
This profusion of phagocytic cells is mentioned by several authors 
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(Dameshek, Rohr, Schulten). Ihe rise in the number of mace- 
rated cells may depend on a rise in the number of atypical ervthro- 
poietic cells. I have already pointed out that the megalo types are 
probably more vulnerable than the other e;ythropoietic cell types 

As the anaemia progresses, it would seem that the megacaiy* 
cytes remain unchanged at the normal figure, though sonuTauihors 
including Tempka and Braun, Dameshek, Valentine and Hen- 
ning find that their number is below normal and that they are 
over-segmented. With regard to the basophile and the eosinophile 
granulocyte forms I have also failed to find in mv material quan- 
titative changes demonstrable by differential counts after sternal 
puncture. 

The neutrophile granulocytes seem to show quite insignificant 
differences in their percentage distribution. Tlius the figures for 
fully developed anaemia (see first column in table 13) are practic- 
ally identical with the normal figures in table 2. Bui we find a 
growing profusion of pathological leucocytic cell types in the form 
of macroleucocytes with their large, metamyelocyte-like nuclei 
and over-segmentation of the neutrophile leucocytes. These changes 
run parallel with the progressive peripheral granulocytopenia. 

Lastly a word about the lymphocytes whose percentage distri- 
bution diminishes somewhat as the anaemia increases, from the 
normal 16 per cent, to fully 7 per cent, when the anaemia is advanced. 
Most probably this fall is to some extent only relative because the 
myeloid cells occupy more space and displace the lymphoid tissue. 
But the lymphoid tissue in the bone marrow is assuredly not 
reduced in absolute figures, for we must remember that there is 
an increase in volume of the red bone marrow. 

When we now take a comprehensive view of the morpholo- 
gical and purely quantitative findings from sternal puncture in 
untreated cases of pernicious anaemia, it seems to me that 
cannot accept the opinion held by most authors (\ eeseklaas. 
Bang, Rohr and many others) that the marrow of pernicious 
anaemia is hyperactive and hyperplastic. 

As pointed out in the preceding chapter, and in relation to 
normal average figures, the marrow of pernicious anaemia is com 
paratively poor in cells, with, perhaps, an insignificant rise in the 
number of nucleated blood cells per unit of space when sterna 
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puncture is made in the final stages of the disease. This rise is not, 
however, so marked that one can speak of a genuine hyperplasia, 
and it cannot be compared with the gigantic rise in the number 
of cells observed in genuine, regenerative erythropoieses. On the 
other hand, both the erythropoietic and the leucopoietic cells are 
very large, and I believe that it is this increase in cell volume 
which accounts for the red bone marrow' and displaces thefatty tissue. 
We know that the bone marrow' is extensive and that its volume- 
is increased, witness the post-mortem findings of red bone marrow 
in bones wdiere it does not occur normally. This is, however, inter- 
preted as hypertrophy. 

In my opinion the red bone marrow in pernicious anaemia 
develops in the following w'ay: when the supply of the antiperni- 
cious anaemia factor fails, the first change in the normal development 
of the cells takes place in the marrow's haematopoietic tissues which 
under normal conditions are extensive. This tissue is inactivated and 
degenerates in a macromegaloblast w'ay, the pathological-anato- 
mical result being the large bone marrow' cells, and the functional 
result being a reduction of the cells of both the leucopoietic and 
erythropoietic types. The result is primary marrow' hypertrophy 
in this sphere. 

The bone marrow', however, changes gradually in the following 
way: When there is a failure of cell production in the normal area 
of distribution of the haematopoietic tissues, haematopotent 
tissues elsewhere in the body (the bone maTrow) and hitherto at 
rest begin to be active, the fat in the marrow being gradually 
displaced. This new process of cell division and growth (which can 
he described in its primary phase as hyperplasia) becomes exposed, 
when the cells have developed a little, to the influence of the same 
shortage of the antipernicious anaemia factor. To begin with the 
tissues exploit their latent c: pacity for division and growth, dis- 
placing other structures; and the youngest erythropoietic cells, 
the promacromegaloblasts, and the young, pathological leucopoietic 
types of cell develop, with consequent primary marrow hyperplasia. 
In these areas also the bone marrow now becomes red. But here 
also the tissues soon enter on the inactive phase which is a second- 
ary phenomenon in the course of the disease in contrast to the 
primary inactive phase in the normal area of distribution of haemato- 
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poietic tissue.. Thus in areas of bone marrow where, normally 
blood cells are not formed, there is in pernicious anaemia a gradu- 
al development of a secondary and inactive hypertrophy oj the marrow. 
Here the large young types of cell, which do not develop further 
to any great extent, and which undergo degeneration and hyper- 
trophy, are piled up. In my opinion, if we regard the bone marrow 
including red bone marrow as a functional entity, we cannot regard 
• it as anything but hypertrophic and inactive. To be sure, this point 
of view clashes with the conception in general pathology of hyper- 
trophy being associated with increased, not decreased function. 

Conclusion : 

1) In the development of pernicious anaemia, it is possible morpho- 
logically to recognize three different stages in the sternal marrow, — 
the early normo-macroblastic stage, the intermediate normo-macro- 
megaloblastic stage, and the final macro-megaloblastic stage. 

2) Normoblasts are not to be found in fully developed pernicious 
anaemia. 

3) The discovery of normoblasts when anaemia is less than some 
two million erythrocytes is a direct challenge to the diagnosis of perni- 
cious anaemia. 

4) In pernicious anaemia, sternal puncture yields more (com- 
paratively) macroblasis than in any other form of anaemia. The 
youngest forms of this type of cell, and notably the macromcgaloblastic 
transitional forms, dominate the picture of sternal puncture in fully 
developed pernicious anaemia. 

5) The megaloblasts begin to develop in the sternal marrow when 
the anemia reaches 3.5 million erythrocytes. These megaloblasts arc 
found only when the supply of the aniipernicious anaemia factor fails. 

6) The mitosis count remains quite unchanged as the anaemia 
progresses. 

7) As the anaemia progresses, there is a doubtful rise in the abso 
lute number of erythr oblasts, but a definite rise of their relative rum 
ber per volume unit on sternal puncture. 

8) An increased number of pyknolic erylhroblasis is suggestive 
of a complication, often of a toxic character. 

9) The marrow of pernicious anaemia is hypertrophic and i 
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functions subnormally, being neither hyperplastic nor functionally 
hyperactive. 

10) The percentage interrelationship of the granulocytes of leuco- 
poiesis is normal, but their absolute number per unit of volume on 
sternal puncture falls as the anaemia progresses. Running parallel 
with progressive peripheral leucopcnia there is an increasing number 
of pathological leucocyte forms. 

11) The number of megacaryocytes remains, unchanged as the 
anaemia progresses. 

12) As the anaemia increases there is a growing number of phago- 
cytes of R. E. types. 

13) Running parallel with the progress of the anaemia is a rise 
in the number of macerated cells which are probably remains of erythro- 
poietic megalo types. 

14) As the anaemia progresses there is a relative decline in the 
number of lymphocytes. 

G. The Reticulocytes. 

1) Previous investigations. Under normal conditions the peri- 
pheral blood is supposed to contain from 0 to 20 per thousand 
reticulocytes (Price-Jones, Vaughan and Goddard). This esti- 
mate recurs repeatedly in the literature. Trachtenberg, for 
example, give 3 to 14 per thousand, Seyfarth 1 to 2, Rossingh 
4 to 18. 

In normal bone marrow Tempka and Braun found 8 per thous- 
and, Pokrowsicy under normal conditions found the reticulocyte 
ratio in hone marrow/blood as 8—14/2—5 per thousand, and 
Rohr 15 — 20/10 — 15 per thousand, Ungricht 14 — 40/6 — 12 per 
thousand, and Klima 3 — 20 per thousand in normal sternal marrow. 

Thus we see that in both peripheral blood and sternal marrow 
the ratio of reticulocytes is under the normal 20 per thousand with 
the exception of Ungricht whose uppermost limit is 40 per thous- 
and. All observers agree in finding the reticulocyte count for ster- 
nal marrow is a little higher per thousand than for peripheral 
blood. As all the other observers quoted have found figures under 
the low upper limit for normal peripheral blood, Ungricht’s 
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higher figures are of questionable value as a criterion for findings 
jn pernicious anaemia. It is highly probable that his counts have 
included reticulocytes with fragments of nuclei. 

We must expect to find reticulocyte counts to be dependent on 
so many different factors that it is difficult to gauge their signifi- 
cance and to draw any conclusions from them. One cannot there- 
fore attach any importance to them. To do so one would have to 
undertake parallel counts over a long period of the reticulocytes of 
the hone marrow and peripheral blood respectively, and also take 
into consideration tlie oxygen tension in the blood and tissues(see 
Minot’s and Castle’s study in 1935). Small haemorrhages, slight 
poisonings, hormones and vitamins (Seyderhelm and Grebe) 
and several other factors may intervene. 

In somewhat advanced, untreated pernicious anaemia shoving 
no sign of remission, there may be up to 40 — 50 per thousand reti- 
culocytes in the peripheral blood. Under agonal conditions the figu- 
res may be somewhat lower, even down to 0. These reticulocyte 
counts must be regarded as veiy low when we bear in mind the 
patient's anaemia and the comparatively high ervthroblast count 
in tlic bone marrow. This state of affairs is probably due to a much 
reduced productive capacity on the part of the bone marrow. 

The literature contains very few reports of exact reticulocyte 
counts from the sternal marrow in pernicious anaemia. Pokrowsky 
maintains that, in pernicious anaemia, the reticulocytes are some- 
what more numerous in the marrow than in the peripheral blood, 
but like Paolazzi and Spacacciki, lie gives no figures. 

Own investigations . In my own normal material (table 28) I 
found the sternal marrow of 15 patients to contain on the average 
9 per thousand, the extreme limits being 2 and 22 per thousand, s 
these findings are in complete agreement with those of othei obser 
vers, 1 have not found it necessary to pursue this particular imes 
tigation further. 

Table 14 gives 62 reticulocyte counts from the bone marrow 
and peripheral blood of 39 of my patients, the arrangement o 1 ^ 
table depending on the degree of the anaemia, the most seve 
anaemia coming first. In this table there are different groups as i 
table 4. , 

It will be noted that the number of reticulocytes seems 



65 


Table 14. Reticulocytes per thousand in sternal puncture smear. 
Untreated cases of pernicious anaemia. Arrangement according to the degree 
of the anaemia, as. in.table.4.- There are three divisions in this table, separated 
from each other by broken lines. The average figures for the resultant groups 
are calculated and included in table 16. Own material. 
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somewhat higher in well-developed than in moderate anaemia, 
but the difference is not very marked. Further, the number of. reti- 
culocytes seems to be a little higher in the sternal marrow than in 
the peripheral blood. But here, too, the difference is not very 
marked, and by no means the rule in any way with regard to paral- 
lel relationship between the number of the reticulocytes and the 
degree of the anaemia. Table 15 gives the averages for all the punc- 
tures: 


Table 15 gives the averages and ranges of variation of the reticulocytes in the 
peripheral blood and sternal marrow of 39 patients in various stages of untreated 

pernicious anaemia. 



Average. 

Range of oariation 

Reticulocytes per thousand in blood of ear . . 

19.1 

2— 72 

Reticulocytes per thousand in sternal blood. . 

25.4 

2—114 


The figures in this table may possibly be taken to show that 
sternal marrow' contains a few' more i eticulocy tes per thousand than 
peripheral blood, but they are not convincing. 

When we break table 14 up into three parts and calculate 
the averages for each, we get table 16: 


Table 16. The average number and range of variation of the reticulocytes 
counted at 20 examinations in each of the first two groups and at 22 examina- 


tions in the third group. 



Average 


Group 


I Reticulocytes per thousand in blood of ear . . 

28.4 

6— 72 
9—114 

2- 25 

2— 34 

2— 41 

3- 42 

Reticulocytes per thousand in sternal blood . . 

37.4 

II Reticulocytes per thousand in blood of ear 

13.0 

Reticulocytes per thousand in sernal blood . . 

17.3 

Ill Reticulocytes per thousand in blood of ear . . 

16.0 

Reticulocytes per thousand in sernal blood . . 

19.7 


This table shows that we can count on a slight increase in 
number of the reticulocytes in the sternal marrow as cortipa ^ 
with their number in the peripheral blood. It w'ould also seem 
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the number of the reticulocytes rises in a somewhat irregular fashion 
as the anaemia increases. This applies to both the sternal marrow 
and the peripheral blood. 

Conclusion: In both normal blood and sternal marrow the reticulo- 
cytes are under the normal upper limit of 20 per thousand. The figures 
are perhaps a little higher for sternal marrow than for peripheral 
blood. 

In pernicious anaemia the reticulocyte figures are a little above 
normal and a little higher in sternal marrow than in peripheral blood. 
This rise in their number is small in relation to the degree of the anaemia 
and the relatively high number of crythroblasts found. This is taken to 
mean that the productive capacity of the bone marrow in pernicious 
anaemia is very small. 



VII. The Sternal Marrow in Liver-treated 
Pernicious Anaemia. 

Previous investigations. Exact investigations of the changes in 
the number of the nucleated blood cells in the sternal marrow 
during treatment with liver extract are not to be found in the lite- 
rature. One of the reasons for this, as already pointed out, is that 
in the opinion of most observers, investigations in this direction 
give a poor and unstable picture of the sternal marrow. But, as 
already noted, I have succeeded in showing that, within certain 
limits, the quantitative findings of sternal puncture give us a very 
reliable picture of conditions in the sternal marrow. 

I have also failed to find in the literature any investigations 
concerning the strictly quantitative oscillations between the cells 
of erytliropoiesis and leucopoiesis, and I fancy that this is so 
for the reason I have just given. On the other hand, there is a 
quite overwhelming literature concerning the purely qualitative 
changes and the behaviour of the reticulocytes. Everyone agrees 
that, sooner or later, the bone marrow becomes snormab. But it 
is more difficult to understand how and why this happens, and 
here we again encounter the same difficulties, frequently referred 
to, concerning variations in nomenclature. 

Tempka and Braun found (1932) that the »promegaloblasts» 
disappear in cases of pernicious anaemia in the course of four to 
six weeks’ treatment with liver. The cells they call sproinegalo- 
blasts» are probably closely allied to the promacroxnegaloblasts in 
the present study. Zadeic was the first to study systematically the 
marrow in pernicious anaemia in connexion with liver tieatment 
( 1922 ), and he found that the red bone marrow in the long hones 
turned into fatty marrow again during a remission of this disease. 
He always found that »megalobIasts» were demonstrable long 
after the completion of a remission. Obviously this is not the case 
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if we keep to a sensible nomenclature, and the cell he has found and 
discussed in treated cases of pernicious anaemia is assuredly iden- 
tical with the cell called promacromegaloblast in the present study. 

Everyone is aware of the marked erythropoietic proliferation 
which follows liver treatment. Markoff observed it 24 hours 
after such treatment. He evidently refers to the increase in the 
number of macroblasts on sternal puncture described in the present 
study. Leitner observed the same phenomenon after 12 to 24 
hours, and Elsa Segerdahl after 24 hours in two cases in one of 
which there was a rise from 24 to 74 per cent, of the comparative 
onormoblast values*). During remissions in 10 cases, Elsa Seger- 
dahl found the cell count from sternal puncture rise to an average 
of 490,000, the lowest 'figure being 26,000 per mm 3 . On the com- 
pletion of a remission the figures again approached the normal, 
with a cell count of 41,000 to 288,000 per mm 3 . 

A. Quantitative Conditions. 

Own investigations . To give a comprehensive view, the results 
of my observations are classed in four groups. 

Group 1. Cases in which an injection of liver extract raised the 
number of erythrocytes in the blood in the ear up to ]/ 2 million 
per mm 3 . 

Group 2. Cases in which an injection of liver extract raised the 
number of erythrocytes in the blood in the ear from *4 to 1 million 
per mm 3 . 

Group 3. Cases in which an injection of liver extract raised the 
number of erythrocytes in the blood in the ear from 1 to 1 ]/ 2 mil- 
lion per mm 3 . 

Group 4. Cases in which an injection of liver extract raised the 
number of erythrocytes in the blood in the ear to more than 1 y 2 
million per mm 3 . 

The first of these groups is divided into sub-groups according 
to the degree of the anaemia, i.e. the level of the erythrocyte count 
in the peripheral blood when liver treatment was instituted. 

Sub-group A. Cases with anaemia of 0 to 1.6 million per mm 3 . 

8 8 B - » »> » » 1.6 » 2.6 » » » 

8 8 c - » * » » 2.6 » 3.6 » - » ,>. 
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As the case records show, the number of nucleated blood cells 
yielded by sternal puncture rose invariably, rapidly and markedly 
during the days after the injection of a liver preparation. They fell 
in a few days again to normal. 

In the sub-group A of group 1 (Table 17) we see that the number 
of nucleated blood cells yielded on sternal puncture is at the start 
on the average 73,800 per mm s . The average for the highest figures 
which were invariably registered on the third day after a liver injec- 
tion was 223,400 pr mm 3 . Thus at the start the figure corresponded 
to the normal average, whereas the highest figures registered 
during the treatment exceeded the upper limit of the range of 
variation under normal conditions. This high cell count presumably 
indicates a genuine increase in the number of cells yielded by ster- 
nal puncture, and in this regenerative phase of reaction the ster- 
nal marrow must be assumed to be hyperplastic and hyperactive. 
This is in contrast to the inactive hypertrophic bone marrow of 
untreated pernicious anaemia. Now, in the hyperplastic phase oj 
reaction, there is a marked reduction in the size of the cells, the 
erythropoiesis of the marrow being, as will be discussed later, 
made up of the smaller macroblasts and normoblasts. As table 17 
shows, the number of cells yielded by sternal puncture rises on the 
average by 135,600 nucleated cells per mm 3 . This figure alone is far 
above the normal average for nucleated blood cells yielded by 
sternal puncture in health and in untreated cases of pernicious 
anaemia. 

Though we cannot, as already pointed out, with the technique 
employed count on obtaining absolutely reliable figures concerning 
the number of nucleated blood cells yielded by sternal puncture, I 
believe that the great and constant reaction recorded during the 
first days of liver treatment indicative of a real increase in the 
number of cells obtained by sternal puncture and therefore also 
in the bone marrow. 

The same conditions are to be found in sub-groups B and C 

of table 17. The highest figures were registered about the third day, 

and the average level was practically invariable. The same was the 
case with the rise in the number of nucleated blood cells. If we fuse 
sub-groups A, B and C into one, we find an average at the start o 
69,800 cells per mm 3 , for untreated pernicious anaemia, and an 
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Table 1 7. The number of nucleated blood cells found on sternal puncture before 
liver treatment, and the highest count in response to it. The difference between 
the two, i.e. the rise in the number of nucleated blood cells, is given. In the 
fourth column is the day on which this happened. This table includes those 
patients who responded to liver treatment with a rise of up to half a million 
erythrocytes in the peripheral blood. The sub-groups A, B, G include the 
patients in this table classified according to the degree of their anaemia before 
they received treatment. Own material. The number under sremarks» shows 
the days after liver injection where no sternal puncture was made. 
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Table IS. Tins table shows the number of nucleated blood cells found on storm) 
puncture before liver treatment as well as the peaks reached in response to it 
The difference between the two, i.e. the rise in the number of nucleated blood 
cells, is given. In the fourth column is the day on which this peak was reached 
In groups 2, 3, and 4 are the patients who responded to liver treatment with 
a rise in the erythrocyte count in the peripheral blood of % to 1, of 1 to l y 
and of more than 1 y, million erythrocytes respectively. The averages for these 
groups are calculated. Own material. The number under > re marks, shows 
the days after liver injection where no sternal puncture was made. 


Case 

Count at 
stalling 
point 

Peak 

Difference 

Day after the 
injection 

Remarks 

28 

78,400 

341,500 


3 


29 


160,000 


2 


53 

118,500 

412,000 


3 

2—4 

55 

76,000 

900,000 

V 

5 

2—3—4 

56 

137,800 

238,800 


4 

3—5 

57 

93,200 


ESS 

3 

2—4 

Average 

124,000 

384,300 

297,000 

3.3 





Group 2. 



32 

98,000 

208,000 

V 

3 


33 

208,000 

367,000 


3 


31 

9,100 

129,000 

HHMM 


Mixture of blood 

Average 

153,000 

252,000 

134,300 

3 





Group 3. 



38 


157,400 

55,600 

4 

3—5 

36 

G4.200 

175,400 

111,200 

3 

2—4 

39 

77,600 

177,400 

99,800 

3 

4 

51 

71,400 

157,000 

S5,600 

4 


35 

42,100 

31,000 

— 


2 — 4 

37 


63,000 

— 


1—3—4 

59 

35,900 

441,500 

385,600 

2 


Average 

70,200 

201,700 

147,600 

3.2 





Group 4. 





average maximum of 209,600 pei mm 3 , on the third day of treat 
ment. The average rise was 130,000 cells per mm 3 . 

The same state of affairs exists in group 2 which includes six 
patients (table 18). In the same table are groups 3 and 4 with two 
and five patients respectively. Cases 31, 35 and 37 are included here, 
but they cannot be relied on as the sternal punctures were unsatis 
factory. In these groups also, we find exactly the same conditions. 
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The figures vary a trifle, but not to such an extent that the separa- 
tion of the eases in different groups has revealed any variations 
of importance. We may therefore conclude that injections of liver 
preparations induce the same lise in the number of nucleated blood 
cells on sternal puncture whatever the degree of the anaemia. But 
this is so only, as we shall sec later, if sternal puncture yields a low 
normoblast count. A scrutiny of the case records suggests that this 
state of affairs is but little affected by the quantity of the liver 
preparation injected, the maximum figures being recorded about the 
third day whatever the dosage. At any rate, whatever differences 
there may be they arc not so great as to be definitely noticeable 
with the technique employed. In case 15, the maximum figure 
was not reached till the fifth day, but this patient suffered from 
polyarthritis which was exceptionally active at the time of the 
injection. Later on also, the reaction of the hone marrow to the 
treatment in this case was sluggish, and exceptionally large doses of 
liver preparation were required in order to achieve normal blood 
counts. Here it should be noted that, in certain cases, infections 
seem to require an increased dosage of a liver preparation and, 
possibly, to delay the reaction of the bone marrow in pernicious 
anaemia. In the above-mentioned case attention should he drawn 
to the fact that, at the time of the injection, the sternal marrow 
was partially normoblastic, and for this reason could not be expect- 
ed to react fully to the treatment; the basal conditions necessary 
for a complete hone marrow reaction did not exist. The already 
present normoblastic tissue did not need to be changed in oi der 
to^-produce normal erythrocytes. 


Tabic 10 gives the averages and ranges of variation for all the treated groups 

together. 


Average count 

Count at 
outset 

Peak 

Difference 

Day after 
injection 

88,100 

240,000 

21,800 

251,300 

000,000 

82,100 

170,800 

824,000 

10,200 

3rd 

# 

» 

Highest count* 

Lowest count 



This table also gives a comprehensive survey without contri- 
buting anything new to what has already been said in this chapter. 
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TaMc 20. This table gives the percentage of erythroblasts among the nucleated 
blood cells found on sternal puncture before liver treatment., and the higher 
percentage reached. The day on which this happened is noted. This table deals 
with the patients who responded to the injection of. a liver preparation with a 
rise of up to half a million erythrocytes in the peripheral blood. The patients 
in sub-groups A, B and C are classified according to the degree of their anaemia 
when the liver treatment was started.. 


Case 

Erytlirobl. per cent 

Day 

Maximum 

Remarks 

on inject. 

Maximum 

- rise 

10 

47.6 

54.2 

1—3 

7.5 


22 

35.1 

45.6 

2 

10.5 


23 

32.9 

65.1 

3 

32.2 


25 

37.5 

53.2 

3 

15.7 


11 

43.6 

68.8 

3—4 

25.2 

3rd day few cells on sternal 






puncture 

14 

38 

66.4 

3 

28.4 


18 

40.4 

52 

3 

11.6 


Average 

39.3 

57.9 

3 

18.7 





Group l A. 


17 

40.2 

50.9 

1—2 

12.4 


13 

34.6 

48.2 

2—4 

14.6 

No sternal punction on 3rd 






day 

19 

35.— 

43.6 

2—4 

13.2 

* 

15 

24.— 

51.7 

5 

27.7 

Makro-normobl. marrow 






before treatment 

12 

26.8 

48.5 

2—4 

27.2 


24 

34.2 

52.9 

3 

18.7 


Average 

32.5 

49.3 

3 

18.9 





Group 1 B. 


26 

29.2 

53.1 

3 

24.3 

No stern, punct. on second 






and fourth day 

21 

23.9 

52.8 

3 

2 8.9 

No stern, punct. on second 





. 

and fourth day 


Group l C. 


As the case records show, the percentage distribution of erythro- 
blasts yielded on sternal puncture swings in the same way as that o 
the nucleated cells (see tables 20 and 21). 

In these tables the erythroblast counts are recorded on t e 
same pi inciples as those followed in the tables showing the coun s 
of nucleated blood cells in bone marrow in response to the treatmen 
of pernicious anaemia with liver preparations. The tables show an 
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Tabic 21. This table gives the percentage of crylhroblasts among the nucleated 
blood cells' found on sternal puncture before liver treatment, and the highest 
percentage found in response to the injection of a liver preparation. It also 
gives the highest rise observed and the day on which it occurred. The patients 
are allotted to groups 2, 3 and 4 according as the liver treatment increased the 
erythrocytes in the peripheral blood by y s to 1 million, by 1 to 1 V, and by 
more than 1 y> million respectively per mm* The averages for these three 
groups are given. The number under tremarks* shows the day after liver 
injection where no sternal puncture was made. 


■ 

Erytlirobl. per cent 

Day 

Maximum 

Remarks 

on inject. (Maximum 

rise 

28 

40.1 

76.9 

3 

36. S 


27 

22.— 

63.— 

4 

41.— 

2—3—5 

29 

61.3 

73.1 

2 

ll.S 


30 

30.2 

52.1 

3 

21.9 


53 

44.9 

57.5 

3—5 

12.6 

2—4 

54 

33.0 

03.7 

5 

30.2 

3 — !_ e 

55 

33.3 

66.6 

5 

33.3 

2—3—4 

56 

54.8 

78.6 

4 

23.8 


57 

41.7 

48.8 

3 

7.1 

2—4 


48.7 

65.8 

2 

17.1 

1—3 

Average 

41.1 

64.3 

3.5 | 23.6 
Group 2. 


32 

35.— 


2—3 

43.— 


33 

50.9 

■9 

3—4 

19.5 

2—4 

H 

29.— 

66.2 

3 

37.2 


Average 

38.3 

70.5 

3 | 33.2 ] 

Group 3. 


3S 

44.1 

69.4 

4 

25.3 

2—3—5 

36 

48.5 

71.4 

3 

29.9 

2 — 1 

34 

57.8 

79.— 

2—4 

21.5 

4 

35 

23.6 

55.6 

3 

32.— 

2 

37 

32.— 

42.7 

2 

10.7 

0 

51 

41.4 

72.4 

3 

31.— 


59 

36.3 

74.1 

3 

37.8 


Average j 

1 

40.5 | 

66.4 j 

3 j 26.9 | 

Group 1. 



r™ tUIU uo,,su,ni rise m the percentage of crylhroblnsts under 

groun realm ? nt 1 ' Tl , US StotC ° f affairs scems lo hc most marked in the 
gioups m which the greatest rise in the erythrocyte count in the 

peripheral blood after treatment with injections of liver prepara- 
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tions was recorded. See table 20 in which liver treatment led to a 
rise in the erythrocyte count of up to % million per mm 3 , in the 
peripheral blood. Here the rise is about 20 per cent, whereas it is 
still higher in table 21 in which are collected the patients showing 
a rise of more than y 2 million erythrocytes in response to liver 
treatment. The percentage of erythroblasts also reached the maxi- 
mum about the third day. This rise is absolute as well as relative 
for, as pointed out earlier in this chapter, this rise coincides with 
the rise in the number of nucleated blood cells. Here, too, the 
maximum was reached about the third day. 

This relative rise in the number of the erythroblasts is not 
enough to account for the whole of the rise in the number of nuc- 
leated blood cells of the sternal marrow. From the recorded figures 
for the rise in the number of nucleated blood cells and the relative 
percentages of erythropoiesis and leucopoiesis after liver treatment, 
we may count on a rise (somewhat more moderate) in the number 
of cells of the leucocyte type yielded by sternal puncture. Hie 
amount of the liver preparation injected does not seem to affect 
the reaction of the sternal marrow with regard to the interrelations- 
hip of the cell forms of erythropoiesis and leucopoiesis, nor to the 
degree of the anaemia at the time of an injection. 

The fact that the quantity of the injected liver preparation is 
of relatively small importance to the primary bone marrow reac- 
tion, whereas the ensuing rise in the number of erythrocytes may 
yet vary in the peripheral blood, shows that, like other diseases 
caused by »hormone failure», pernicious anaemia may vary in 
severity and malignancy, even though this cannot at present be 
demonstrated in other ways. Of course the dosage may be so timid 
that it has no visible effect. Nearly all tlie patients in this studj 
were intentionally treated with small doses of liver preparations 
some quite small, in order to investigate the various liver fractions 
as mentioned in the chapter on technique. Case nr. 14, for example, 
received 4 cc. »BBaBF. u.s.E» which corresponds to 0.7 mgm- m 
the dried state. Yet this dosage effected a complete revolution in 
the sternal marrow. Liver preparations are not ^standardized* m 
relation to each other, so there is no absolutely reliable basis or 
comparisons. Such standardization can hardly be effected wit 
complete accuracy at the present time. We may assume that large 



quantities of liver preparations can, to a- certain extent, . be stored 
in the body in depots, and that their action on bone marrow may 
be prolonged, i.e. that the normal noimoblastic ciylhropoicsis 
may be maintained. But the immediate or primary bone marrow 
reaction is, as already pointed out, the same whether large or quite 
minute doses of liver arc given. Experiences with small doses have, 
as already noted, given rise to the theory that thercare many forms 
of pernicious anaemia which reflect variations in the failure of the 
antipernicious anaemia factor. For the rise in the erythrocyte 
count varied greatly although most of the patients were given 
small doses of liver on commencing treatment at the time when 
successive sternal punctures were undertaken. 

Probably the sternal puncture changes noted in this chapter are 
somewhat toned down in incipient pernicious anaemia which very 
seldom receives treatment as the patient does not feel ill enough to 
seek a doctor. A case in point (nr. 0) is that of a woman, aged 01, 
who sought medical aid for symptoms which were traced to funi- 
cular myelosis associated with pernicious anaemia. Her anaemia 
was moderate, and sternal puncture showed a mainly normoblas- 
tic crythropoicsis. She was given adequate treatment, and there 
was a satisfactory rise of the peripheral blood count. The crythro- 
poiesis being mainly normoblastic, no great changes could be ex- 
pected of injections of liver. This proved to be the case. The nuc- 
leated blood cells yielded on sternal puncture and the percentage 
of erylhroblasts failed to rise. There was no demonstrable reticulo- 
cyte crisis, but the crythropoicsis became completely normoblastic. 

Conclusion: 

1) Jn response lo liver treatment, there is on sternal puncture a 
constant and marked rise in the number of nucleated blood cells. 

2) This rise reaches its maximum about the. third day after this 
treatment. 

3) At this stage (he. bone marrow is hyperplastic and functionally 

over-active. ' 

4) The nucleated blood cells yielded by sternal puncture show a 
constant, relative and absolute rise of the crylhroblast percentage. 

5) Here, too, the maximum is reached about the third day. 

6) The above-mentioned rise depends but little on the degree of the 
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anaemia as long as the yield of sternal puncture docs not include 
■a great number of normoblasts. 

7) The primary bone marrow reaction depends but little on ike 
quantity of the liver preparation injected. 

8) When the erythrocyte rise in the peripheral blood is highest, the 
reaction of the sternal marrow may possibly be somewhat more marked 
than is usual. 

9) In response to liver treatment, sternal puncture also shows 
an increased number of cells of the leucocyte type. 

10) There may well be various precursor types of pernicious anae- 
mia reflecting the degree of failure of production of the antiperniems 
anaemia factor. 


B. Qualitative Conditions. 

Own investigations. As the case records show quite plainly, the 
findings of sternal puncture conform in a perfectly regular way to 
liver treatment before which, as already pointed out, the sternal 
marrow is megalo-macroblastic. Within 24 hours of the admi- 
nistration of liver extract, the sternal marrow is always young-macro- 
blastic, young macroblasts dominating the picture. These macro- 
blasts mature rapidly, and at the same time there is a rise in the 

number of nucleated blood cells on sternal puncture, as pointed out 

in the preceding chapter. About a day after the macroblast peak 
there is a basophile normoblast peak, and a little later (in about 24 
hours) the cosinophilc normoblast peak is reached. Coinciding v>ilh 
the domination of the normoblasts we find the nucleated blood 
cells reaching their peak, also about the third day. The eosinophile 
normoblast crisis in the sternal marrow coincides with the peak of 
the nucleated blood cells in the peripheral blood, and they naturally 
enough consist of eosinophile normoblasts. 

I take it for granted that sternal puncture gives an unequivoca 
picture of the sternal marrow even if the percentage distribution 
of the different types of cell may possibly vary, and if so proa ' ) 
in the direction of a greater number of the younger cells in t 
sternal marrow. There is a possibility that the older types of ce 
are most easily detached in the process of aspiration of the sterna 
marrow, — a possibility which may, perhaps, account for 'aria 
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tions in counts. But such possible and slight variations cannot 
conceivably affect the conclusions to be drawn from the findings of 
sternal puncture with regard to the functions of the sternal marrow. 
For we may be sure that the findings of sternal puncture run strictly 
parallel with events in the sternal marrow. 

The above-mentioned changes in the findings of sternal puncture 
in response to liver treatment constitute the normal-physiological 
basis for the provocation of the reticulocyte crisis in the bone 
marrow. The peak of this crisis always appears directly after the 
eosinophile normoblast peak, usually in the course of 24 hours. As 
mentioned in the preceding chapter, this reaction may possibly 
be a little sluggish, but not to any marked degree, in elderly folk 
and in the presence of complications (sec a morp comprehensive 
discussion of this point in a later chapter). The reaction may cer- 
tainly be more sluggish when liver treatment is started in cases of 
moderate anaemia in which the marrow is rich in normoblasts (see 
case nr. 44). 

The above-mentioned changes and happenings must undoubt- 
edly be interpreted as a physiological development of the erythro- 
cytes on a gigantic scale, except for the initial transformation of the 
degenerating megalo types which does not, of course, belong to the 
normal process of development. 

Fig. VII (a — b — c — d) is a graphic presentation of the changes 
mentioned with regard to cases 31, 32, 33 and 34. It will be seen 
that the thin, unbroken line, representing the percentage of erylhro- 
blasts in relation to the nucleated blood cells obtained by sternal 
puncture, begins to rise rapidly in response to liver treatment, 
reaching its peak on the third day. Coinciding with, and towards 
the end of this peak, there is a flooding of the peripheral blood 
with erythrohlasts as indicated by the thick broken line which 
reaches its peak on the third day. This line represents normoblast 
types (sec also case records). Next day there is a reticulocyte peak 
(see the thin, broken line and the finely dotted line representing 
the i eticulocyte peaks for sternal marrow). 

What theoretical conclusions can be drawn from these consis- 
tently regular changes in the bone marrow of pernicious anaemia? 

In fig. Ill the cell types found in untreated cases of pernicious 
anaemia are included in the triangle formed of broken lines. As the 
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Fig ; VII; A: case 13, B: case 32, C: case 33, D: case 34. 

: Percentage of erythroblasts on differential count of sternal puncture 

smear. 

: Erythrocytes in blood of ear per m.m. in 100,000. 

• : Percentage of reticulocytes in sternal blood. 

: Percentage of reticulocytes in blood of ear. 

: Erythroblasts in blood of ear per m.m 3 . 

1 : Injection of liver preparation. 

anaemia progresses, these cells gradually approach the megalo types 
more and more (see also micro-photo, fig. V A. page 83 and fig. VIA 
and B, page 85 and 86). This state of affairs finds expression in 
the differential counts of sternal puncture preparations in untreated 
cases of pernicious anaemia, and it is dealt with in chapter VI B. 
One finds numerous erythroblasts which consist of macroblasts, 
megaloblasts and promacro-megaloblasts and transitory forms 
between these. In fully developed pernicious anaemia, erythro 
poiesis consists entirely of these cell types and a variable number 
of cells counted as erythroblasts, i.e. pyknotic forms whose nuclear 
structure defies classification with the above-mentioned cell t)P es 
from which they undoubtedly hail. Of less importance is the abso 
lute number of the various cel! types of erythropoiesis. The charac 
teristics of these cells merge so much into each other that in many 
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cases ii is very difficult and a matter of personal opinion in deciding 
‘ to which group they belong. 

The most typical »outer or extreme groups*) numerically provide 
the most reliable index to tbe extent to which the changes in the 
bone marrow have proceeded. In smears we find all the transi- 
tional forms between tbe quite diagrammalically classified types of 
erylhroblast, and there is absolutely nothing to indicate the exist- 
ence of two distinct series of development of the erylhroblasts. 
From the purely physiological point of view this conception appeals 
to one most, for it seems quite plain that it is the young normal 
types of eiylhroblast which degenerate. They do not develop or 
ripen from the juvenile types. 

Let us now examine the first stage of the process started when 
the pernicious anaemia factor begins to act. If we compare the 
sternal marrow differential counts during the first days of live! 
treatment with fig. Ill, we find tbe first event indicated by the 
double-barbed arrow A. P. pointing in the direction of the macro- 
cyte types of eiylhroblast. ileie we have in a few days a process 
running counter to that which has lasted for years as the perni- 
cious anaemia has developed. Side by side with this change of the 
megalo types, we must assume there is started an intensive new 
formation of the pro-macro megaloblasts. 

Thus the erylhroblast forms to the. left in fig. 3 disappear, and 
the forms to the right become gradually more numerous, i.e. they 
approach closer to the young, normal erylhroblast types, — the 
macro types. This state of affairs is revealed in the diffei eutinl counts 
after sternal puncture in that wc find macroblasts in constantly 
growing numbers, first the younger types, and thereupon the older 
types (sec micro-photo, fig. VI, page 85). When, after a further 
interval of a few hours, the marrow swings over to the perfect Iv 
normal process of macroblasl development, the conversion into 
normoblasts pursues its natural sequence. They become very 
numerous, and therise in their number culminates in a peak aboulthe 
third day synchronously with the peak of.thc nucleated blood cells 
from sternal puncture as mentioned in the preceding chapter (see 
micro-photo V B and VI D page 86 and 88). 

These normoblasts in their turn develop through the normal 
reticulocyte stage into normal erythrocytes. 

ii 
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In this connexion also, the reticulocytes deserve closer atten- 
tion. Dean maintains that the reticulocyte crises of pernicious 
anaemia and the secondary anaemias are completely comparable 
qualitatively and quantitatively. Here I am in complete agreement 
with him. In both cases these crises, reflect the ability of the bone 
marrow to form new erythrocytes. But this similarity does not exist 
before the erythropoiesis of pernicious anaemia lias reached the 
normoblast stage. 

Corn, and Ciboldi find that the average volume of the erythro- 
cytes rises during the crisis to. 150 my 3 , and afterwards goes back 
to normal/ Many others,’ including myself (see case records) have 
made the same observation which, according to J, T. Brugsch, 
means that the microcytes disappear and macrocytes appear at the 
same time in great numbers. Wintrobe maintains that this rise in 
-the number of macrocytes is due to the passage of young and large 
cells into the blood. Com and Ciboldi believe that this rise is due 
to the ripening of a great number of megalocyte foims developed 
from »megalob lasts» of the bone marrow. .1 do not think that this 
interpretation of the rise in the average volume of the erythrocytes 
is correct. As already pointed out in this chapter, it is highly prob- 
able that the young eiythroblast types, including the megaloblast 
types, ripen into maeroblast-erythroblast types, thereafter passing 
through the nurmo types to ripen into normocytes. It is conceivable 
that a few megaloblast and macroblast erythroblast types may 
ripen directly into erythrocytes of a somewhat larger type, and 
tiiat therefore a fev r of them may be found during a ctisis. But this 
process does not occur on such a scale that it can play any part 
in the rise of the average .volume of the erythrocytes during the cri- 
sis. The rise of the erythrocytes in the peripheral blood does not 
occur till after the reticulocyte crisis in the course of which the 
following events should be noted: . . - - - 

. The rise in the 'average volume of. thel erythrocytes during a 
pernicious anaemia crisis is' due to the size' .of ithe reticulocytes being 
somewhat greater than that of normal erythrocytes, and to the ac 
that, quite temporarily, and on account of. the intensive new forma 
tions, a certain number of erythrocytes make their, appearance an > 
being some hours younger than is usual, fare apt to be somev. a 
larger in consequence (fig. III). During the crisis one also in 
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Fig. V. A. Smear (18. 9. 37.) from sternal puncture of untreated case (nr. 36) of 
pernicious anaemia. There are numerous transitional forms of magromegalo- 
blasts (a) with a somewhat more wide-meshed nuclear structure than that of a 
typical megaloblast, and with remains of the nucleoli of the promacromegalo- 
blasts. Morphologically these cells are more like megaloblasts than typical 
macroblasts. Diameter of nucleus about 15 my. A couple of cells (b) resemble 
pro macromegalob lasts from a developmental point of view and present nucleoli 
plainly; diameter of nucleus about 12 to 13 my. There are a few (c) more fully 
developed macroblasts with a denser nuclear structure than the other forms of 
ervthroblast. The nuclei (about 7 to 10 my) are to some extent pyknotic and 
represent types of erythroblast which will assuredly soon lose their nuclei and 
ripen into macrocytes. There is also (f) a neutrophile macro-leucocyte, but 
there are no typical megoblasts in the smear (micro-photo by Dr Kaake Hei- 
berg. 1000 x enlargement, 1/1 reprod.1. 
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Fig; VI A. Proinacromegaloblasts (b) in sternal puncture smear (8. 2. 37) from 
case nr. 2S, untreated pernicious anaemia. Nucleoli are plainly visible in the 
nuclei whose structure is somewhat finer than that of the macroinegaloblastic 
transitional forms in fig. V A. They are also plainly a little younger than the 
proinacromegaloblasts in the same preparation, their nuclear structure being 
also somewhat finer. Diameter of nuclei about 15 my. Beside the two macro- 
megaloblasts is a macroinegaloblastic transitional form (a) with a somewhat 
looser nuclear structure, and with promacromegaloblastic remains of nucleoli. 
Diameter of nucleus about 15 my This cell resembles the typical megaloblast 
more closely than the macroinegaloblastic transitional forms seen in fig. V A. 
(microphoto by Dr Kaare Heiberg, 1000 x enlargement, 1/1 reprod.). 
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Fig. VI B. Megaloblasts (d) in sternal puncture smear (8. 2. 37) from case 
nr. 28. The nuclear structure is finer than m the other erythrobla t phot 
graphed in this study. There is only a hint of remains of nucleoli ir [“nucleus 
whose diameter is about 15 my. (a) macromegaloblastic > transitional forms, () 
macrocvtes. (Micro-photo by Dr Kaahe Heiberg, 1000 X enlargement, f 

reprod.). 
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Fig. VI. C. Basophilc macrobiosis in sternal puncture smear (SI. 2. 37) from 
case nr. 28. Young types which have developed during the first 21 hours of 
liver treatment are seen. Some of the macroblasts arc still macromcgaloblaslic. 
some are more developed. There are remains of nucleoli. Diameter of nucleus 
about 10 to 12 my. There are a few promacromcgaloblasts (b) one normoblast 
(e) and one macro-leucocyte (f). (Micro-photo bv Dr Kaaiik Hkiiikho, 1000 x 

enlargement, 1/1 reprod.). 
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Fig. VI D. Smear (10. 2. 37) Irom sternal puncture of case (nr. 28) on the 
second day after the injection of a liver preparation. Basophile normoblasts 
(e). Photo practically identical with that of fig. V B, the only difference being 
that the former contains a few more erythroblasl forms with, perhaps, a slightly 
finer nuclear structure. These macroblasts seem to be relati' ely young. Macro- 
blasts (c), normoblasts (e). Diameter of nucleus about 7 to 11 my. (Micro-photo 
by Dr. Kaare Heiberg 1000 X, cnlargment, l/l reprod.). 



89 


numerous reticulocytes containing much reticulum and with a hint 
of »macrocvte characteristics)). They are assuredly quite normal 
noi mo-reticulocytes which have escaped into the peripheral blood a 
little earlier than usual and have nothing to do with the megalo 
types. Possibly some of them may hail direct from the macro- 
blasts as already pointed out. The rise in the volume of the erythro- 
cytes during a crisis is accentuated numerically by the paitial 
disappearance of the microcytes and the schizocytes, while macro- 
c 3 i.es, present before the treatment as more normal erythrocyte 
forms, still linger for a time in the vascular passages. 

Com and Ciboldi also maintain that the reticulocyte crisis of 
pernicious anaemia is qualitative !} 7 different from that of other 
regenerative processes. It is not likely that this is so, for both pro- 
cesses represent the same, normal regeneration. The only difference 
is that they begin at different stages of the development of erythro- 
poiesis. The regeneration in pernicious anaemia begins with great 
intensify 7 at somewhat y'ounger. pathological erylhroblast stages 
as already described. In the sternal marrow in other forms of regene- 
ration we find comparatively fewer of these erythroblasts forms, but 
more normoblasts. When the marrow of pernicious anaemia has rece- 
ived enough of the antipernicious anaemia factor and has entered on 
the normoblast ic phase, the modes of regeneration become identified . 

Conclusion: 

1) Under liver treatment genuine pernicious anaemia marrow 
passes through several phases in an orderly way in the course of a 
few days, the defective, specifically mcgalo-macroblastic marrow becom- 
ing ripe. 

2) The first change is to basophile, young macroblaslic marrow. 

3) The next change is to macro-normoblast marrow ( first baso- 
phile then cosinophilc). 

4) This starts a normal, physiological reticulocyte crisis. 

5) The rate of the reaction is constant. 

6) Coincident with the normoblast crisis in the bone marrow, the 
normoblasts reach their peak in the peripheral blood. 

7) During the reticulocyte crisis, the rise in the average volume of the 
erythrocytes in the peripheral blood depends on the disappearance of 
the micro- and schizocyte types, numerous young and relatively large 
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normo-reticulocytcs and a certain number oj macrocyte forms makinq 
their appearance. J 

8) When the specific mcgalo types and the macro-megaloblastic 
transitional forms of pernicious anaemia arc converted to normal 
macrobiosis which ripen into normoblasts, the crisis is morphologically 
identical with the physiological, erythropoietic processes of regeneration 
in other conditions. 


C. Treatment with Very Small Doses of Liver 
Preparations. 

Own investigations. As mentioned in chapter VI B, the ry uaniiiy 
of the liver preparation given does not seem to have much influ- 
ence on the starting of the typical, primary sternal marrow reac- 
tions and of the normal reticulocyte crisis in pernicious anaemia. 

As the case records show, a very small dose was given at the 
first injection. Table 22 gives the cases in which, in response to 
liver treatment, the erythrocytes in the peripheral blood rose from 
0 to well under ]A million per mm 3 . Tins table also gives the peaks 
of the rise in the numbers of the reticulocytes and of the erythrocytes 
in the peripheral blood. Tire very small doses, it will be seen, pro- 
voked a very slight or no rise in the erythrocyte count in the peri- 


Tablc 22. 


Casa 

No. 

Reticulocyte 
peak per 
thousand 

Rise ot erythrocytes in the 
peripheral blood 

10 

130 

from 

1.12 

mill, to 1.35 

mill. 

11 

204 

> 1 

0.70 

» » 

1.19 

» 

12 

192 

'> 

2.17 

» h 

2.43 

» 

13 

190 


2.04 

)> » 

2.22 

)> 

14 

168 


1.19 

9 >) 

1.49 

» 

18 

59 

>) 

1.34 

'J » 

1.41 


19 

66 

a 

1.96 


2.03 

» 

20 

.38 

»> 

3.15 

» » 

3.24 

1 > 

23 

155 

» 

1.88 

» i> 

2.16 

» 

24 

159 

i) 

1.88 

>> » 

2.18 

D 

25 

254 

» 

1.08 

» » 

1.11 


26 

118 

» 

1.19 

it » 

1.30 

» 

16 

95 


2.20 

it » 

2.22 

» 
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plieral blood, but they set going the usual bone marrow changes 
and a practically normal reticulocyte crisis. 

Note that in most of these cases liver treatment was followed 
by the usual reticulocyte crisis in the peripheral blood. But in a 
couple of cases it was not very marked. From the differential counts 
of sternal puncture preparations from the cases in this table we 
can also see, in response to liver treatment, the orderly and regular 
changes discussed in chapter VI B. But in these cases w r e do not 
see the usual rise in the erythrocyte count in the peripheral blood 
because the dose of liver extract w T as very small. The sternal marrow 
gives us a partial solution to this problem, for in some of these 
cases the usual total revolution in it could not be observed. Even 
after the institution of liver treatment there were still some megalo 
types visible in addition to the erythroblast types which give the 
usual reaction its characteristic feature and which provoke the 
reticulocyte crisis. Cases 16 and 25, in which the normoblasts had 



Fig; \ III. This diagram shows how the injection of a small quantity of a liver 
preparation provokes a reticulocyte crisis with the characteristic bone marrow 
changes on winch the crisis depends. The new formations are, however, suffi- 
chec ^ the progress of the anaemia for a time. There is no rise in the 

ed dS!?t° f CyteS m - th ° P f eri P heraI blood > only stagnation of them (.retard- 
t»,p d ,W 0 ^ ment ° f anaemia.) after which the anaemia again develops as before 
the injection and with a continued fall of the number of erythrocytes in the 

peripheral blood. 
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in a few days again practically disappeared from the sternal marrow, 
show that the dosage was very cautious. However, as already pointed 
out, the bone marrow' reactions of the patients discussed in this 
section were practically »normal». Table 17 shows that practically 
all these patients also reacted with an average rise of some 130,000 
nucleated blood cells on sternal puncture, — i.e. the usual reaction 
at the pernicious anaemia crisis. 

How arc we to interpret the practically »normal» reticulocyte 
crisis succeeded by liardly any rise in the number of erythrocytes? 

I have attempted to present this problem diagrammatical)}' 
in fig. VIII which shows the course of events when a small dose of 
a liver preparation is given in progressive pernicious anaemia. 
The bone marrow undergoes a certain change and the usual, 
physiological reticulocyte crisis is started. But owing to the small 
dosage, the change over of the bone marrow' to the normal 
state lasts a very short time. Only a moderate number of erythro- 
cytes are therefore formed, and they check the progress of the 
anaemia only for a short time. In response to the changes in the 
bone marrow* towards the normal, there is a simultaneous arrest of 
the formation of the pathological and small microcytes and schitzo- 
cyles with a consequent reduction in the number of erythrocytes 
in the peripheral blood. This helps partially to hide the small 
rise in the erythrocyte count which has certainly taken place. As 
already pointed out, the rate of the reaction of the hone marrow is 
unchanged. 

Conclusion: A small dose of a liver preparation may be sufficient 
io start a normal reticulocyte crisis as judged by the usual bone marrow 
changes. But such a small dose is often sufficient only to pat a brake 
on the progress of the anaemia without effeiing an erythrocyte rise in 
the peripheral blood. The temporary cessation of the formation of 
microcytes and schizocytes helps to hide the undoubtedly small rise in 
the erythrocyte count. 
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D. The Influence of Complications on the Effects of 
Injections of Liver Preparations on the Bone Marrow. 

In earlier chapters I have repeatedly touched on the possible 
effects of complications on the behaviour of liver treatment and 
the ability of sternal marrow to react to it, and 1 have maintained 
that they have little or no effect on the response of pernicious anae- 
mia to this treatment. 

Oion investigations. In the present chapter I have collected all 
the complications in an attempt to ascertain their frequency and 
possible significance. 

It is sometimes stated, and to some extent taught, that old 
age seems to have an inhibitory effect on the icaction of the bone 
marrow. 1 have therefore in table 23 classified my patients by their 
ages, in 10-} car groups, at the time when their pernicious anaemia 
was diagnosed. 


Tabic 23. 


A«e 

Number 
of patients 

0—10 

1 

20—20 

1 

0 

1 

w 

7 

•10—10 

to 

50—60 

ia 

(50— GO 

1(5 

70—70 

13 

>80 

1 


A scrutiny of the case records with regard to a possible relation- 
ship between the patient’s age and changes in the sternal marrow 
or a reduced capacity on its part to react, gives no definite indica- 


tion of any failure in this respect in old age. From the strictly hacma- 
tologieal point of view, there was no difference in any other way 
between the pernicious anaemia of elderly folk and that of younger 
patients. As many as 14 of my G2 patients were over the age of 70 
when their pernicious anaemia was diagnosed. Should age have 
played any important part, there would thus have been a compara- 
tively greater number of patients reacting sluggishly to the treat- 
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TablC U - SurvCy of . .^ character and number of tlic complications f rom 
which the patients m this studv m 


Complications 

Number 

Patient, case nr. 

Diabetes mcllitiis 


6—13—17—11—58 

26 

Myxodema 

° 

1 

Tlivrcotoxicosis op 

1 

22 

HVpertrofia prostata 

1 

57 

Graviditas 

1 

7 Mors 

Phlegmonis 

1 

7 

Lucs congenita 

1 

13 

Lues cerebrospinalis 

x 

35 

Ostcomvclitis tuberculosa 

1 

54 

The. gland, colli 

1 

51 

Striclura urethra poslgonorhoica cum 
haemaluria 

1 

15 

Cvstopyelonephritis hacmori h 

1 

4 Mors 

Pneumonia 

1 

4 

Cholecystitis 

1 

55 Mors 

Cvstopyelonephritis 

1 

55 

Rhcumatismus acc 

1 

15 

Polyarthritis chr 

2 

6—37 

Rescctio vcntriculi 

2 " 

24—61. 

Dcbililas senilis 

2 

55 — 61 

Hyperiensio 

n 

S~— — 24 — 12 — 4 S — 4 / 

Myelosis funicularis gray 

5 

—55—58—61—62-00 
IS— 44 — 59— 60— 61 

Calculi vcsicea fellcac 


55 


ment. My oldest patient was a woman of 82, who died in the Medical 
Department VII of Ullevaal Hospital of senile debility and general 
arteriosclerosis complicated by disease of the urinaiy and biliar} 
tracts and stones in the gall-bladder. Her pernicious anaemia 'was 
severe, and she was given liver treatment. Her sternal marrot' 
reacted well with a very satisfactory' reticulocyte crisis. Indeed, t ie 
erythropoietic reaction was unusually lively, with 900,000 mic 
leated blood cells per mm 8 , obtained by sternal puncture on 1 
fifth day after an injection. This was the greatest rise in the mini >c. 
of nucleated blood cells in the whole of my material. 

In the histories or clinical observations of most of my patien 
there was more or less evidence of a lesion of thenenoussjsten 
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I could not find that it had the slightest influence on the functions 
of the hone marrow. 

In 27 of my cases I found altogether 42 complications represent- 
ing 22 different ailments (see table 24). Three of these patients died 
of their complications, none of pernicious anaemia. Among these 27 
patients I could not find any reduction or atypical behaviour of the 
sternal marrow function with the exception of one case (nr. 4) to 
be commented on more fully later on. 

In this connexion I have again gone through my material with an 
eye to the possibility of finding eases in which the reaction of the 
sternal manw w r as sluggish or atypical, and I have again come to 
a stop at case nr. 4. 

This patient reacted very badly to liver treatment, and she 
died six days after admission to hospital, presenting the picture 
of severe sepsis, with a haemorrhagic and gangrenous cystitis, 
suppurative pyelonephritis, chronic nephritis, and bilateral pneu- 
monia. The spleen was enlarged. Treatment with liver extract 
»(X) c -benz», had not the slightest effect on the sternal marrow. This 
preparation proved very effective in several other cases. One may 
therefore conclude that severe sepsis may reduce the effect of liver- 
injection treatment either because the bone marrow is paralysed 
or the preparation is hindered in some way or other from acting. 

This was the only patient in my material of whom it could be 
said with some degree of certainty that a complication hindered 
the action of liver of bone marrow. 

Further, the reaction of the sternal marrow to treatment was 
less lively than usual in cases 15, 18, 44, 62 and 20, in all of which 
at the commencement of liver treatment the anaemia had reached 
a comparatively moderate stage, and the sternal marrow con- 
tained some normoblasts. As already pointed out, the changes 
found on sternal puncture under such conditions are not massive, 
when the marrow is not completely converted into the atypical 
pernicious marrows. To be sure, the ciythrocyle count, intheperi- 
pheial blood liscs all the same in a satisfactory way in response to 
treatment. Consequently, the reaction of the sternal marrow was 
normal and satisfactory in these cases, and it did not betray any 
defect. " J 

Conclusion: Apart from a case which was complicated hij severe 
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and fatal sepsis and which reacted badly to liver treatment, I have 
found nothing to show that complications, whatever their character , 
reduce the activity of the bone marrow or the action of liver treatment. 
Nor docs there seem to be any demonstrable reduction in the activity of 
the marrow in old age. 


E. The Second Treatment in the Same Regeneration 

Period. 

Own investigations. In four cases (nrs. 13, 25, 32 and 43) I have 
had occasion to investigate by sternal puncture the action of liver 
treatment for the second time in the same regeneration period. 

In case 13, the second treatment was followed by a complete 
crisis, the findings of sternal puncture, from a purely morphological 
point of view, were identical on the two occasions. This was also 
so in case 25, and in both cases the normoblasts had practically 
disappeared from the sternal marrow after the first injection when 
the second injection was given. 

In case 32, the first injection was followed by a marked sterna 1 
marrow reaction, and in the peripheral blood the erythrocytes 
rose from 1.42 to 2.73 million per mm 3 ., at which stage the second 
injection was given. There were now more than 60 per cent, normo- 
blasts on sternal puncture. A satisfactory and definite reaction 
followed the second injection also, with the development of new 
normoblasts, and thus it was possible to follow a new basophile and 
eosinophile normoblast crisis. The reaction was, however, defini- 
tely toned down, — a feature observed earlier in this study when 
liver treatment was given at a normoblast stage in the marrow. 

Patient nr. 43 was admitted to hospital during a lively regene- 
rative crisis. Fourteen days later, when a liver extr ct was injected, 
no normoblasts could be found in the sternal marrow and, as was to 
be expected, the injection started the usually lively regeneiative 
crisis. 

These four cases indicate, as was anticipated, that the reaction 
to liver treatment is the same whether the patient has or has not 
been treated earlier. When there are numerous normoblasts on stern- 
al puncture, the reactions already described are moderate, whereas 
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they are well marked when the normoblasts have again disappeared 
after the first injection. 

Conclusion: On a second injection of live: during the same rege- 
neration period, the sternal marrow reacts in principle in the same 
wag as in cases of untreated pernicious anaemia. This reaction is more 
and more, toned down as the number of normoblasts rises. This also happens 
in untreated cases of pernicious anaemia. 



VIII. The Sternal Marrow after Recovery. 


As already pointed out, and in the opinion of every author, the 
sternal marrow becomes perfectly normal on the patient's recovery 
from pernicious anaemia. My own observations support this state- 
ment. 

Table 25 gives the collected findings of nucleated blood cell 
counts, and the percentage interrelationship of the erythropoietic 
and leucopoietic cells in the sternal marrow. These investigations 
(second column) were undertaken a comparatively long time after 
liver treatment had been started and after the anaemia (first 
column) had receded markedly. 

In the fourth column of table 25 are the figures for nucleated 
blood cells yielded by sternal puncture, their average number 
being 76, .800 per mm 3 . This figure is close to the 98,000 found in my 
own normal material. Isolated figures arc also within the range of 
variation of my norma! material. This is also the case with the 
interrelationship of crylhropoicsis and lcucopoiesis. The third 
column of table 25 gives the average percentage of crylhroblasts as 
18.7, — a figure which tallies completely with my normal findings. 
The isolated figures for the percentage of crylhroblasts are also 
within the range of variation of my normal figures. 

Table 26 gives the differential counts of smears from the ster- 
nal puncture of patients dealt with in this section. A comparison 
of these figures with those of my differential counts of normal 
material (table 2) again shows completely parallel figures. In a fe" 
cases the macroblasl figures arc rather high. This is not surprising 
as the crylhropoicsis in my material was not fully stabilized at a 
normal level by adequate treatment for a considerable time. 
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Table 25. A survey of the number of nucleated blood cells and of the percen- 
tage of erythroblasts among them from cases given liver treatment for a con- 
siderable time. 


■ 

Number of ery- 
throcytes in ear- 
blood in millions 

Day after 
injection 

Erythroblasts 
per cent. 

Number of nucleated 
blood corpuscles in 
sternal puncture 

3 

3.23 

58 

15.4 

39,000 

11 

4.58 

S.t. 

13.8 

37,100 

17 

3.31 

21 

17.5 

30,100 

» 

3.79 

37 

22.7 

12,800 

21 

3.32 

8 

25.— 

23,500 

25 

3.37 

31 

23.4 

49,200 

28 

4.35 

52 

19.7 

45,600 

33 

3/72 

66 

13.2 

37,000 

39 

4.50 

S.t. 

12.4 

— 

*12 

4.70 

s.t. 

27.6 

105,000 

-16 

4.12 

70 

19.1 

• 204,500 

51 . 

3.43 

25 

15.9 



52 

3.83 

43 

11.4 

„ 

56 

1.92 

16 

19.5 

120,000 

61 

2.65 

15 

24.1 

218,000 

62 

4.10 

17 

18.1 

— 

Average 


i 

18.7 

76,800 


s.t.: sufficient theiapv for 3, ears. 


Conclusion: Under liver treatment, the sternal marrow yielded by 
sternal puncture changes in a short time, both quantitatively and quali- 
tatively, so that it becomes absolutely identical with the normal sternal 
marrow yielded by sternal puncture. 
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IX. The Serum Colour in Relation to the Sternal 
Marrow Findings in Pernicious Anaemia. 

As earl}' as 1918, Naegeli maintained that »haemolysis» is of 
little importance in pernicious anaemia, and that the roots of the 
disease are to be sought in the primary bone marrow changes. But 
such well known investigators as Pappenheim and Morawitz 
have regarded primary haemolysis as the essential factor in the 
development of the anaemia. More recent research (by Tempka 
and Braun for example) has failed to give a definite answer to this 
question. 

In this chapter I do not propose to deal in greater detail with 
the increased bilirubin content of the blood nor with the enormous 
literature of this subject. Here I wish quite briefly to show that 
there is no relationship between the degree of the raised serum 
colour, the findings of sternal puncture, and the dcgice of the 
anaemia. 

Table 27 gives from above downwards the findings from various 
patients according to the extent to which the serum colour is 
increased in untreated pernicious anaemia. The second column, 
dealing with the serum colour, shows no higher figure than 20. 
The third column gives the corresponding degree of the anaemia. 
Here we can find no parallel behaviour, no correlation between the 
recorded figures. The two patients lowest in the table (nrs. 54 and 
57) for example, suffered from severe anaemia, but showed no in- 
crease of the serum colour in spite of the fact that the differential 
count from smears yielded by sternal puncture (columns 5, 6, 7) 
showed a marked relative displacement towards the erythropoietic 
types of cell. In these smears there were no normoblasts, but a great 
number of megaloblast and macro-megaloblast transitional forms 
of the erylhroblasts. The converse state of affairs in case nr. 17, for 



Tabic 27. A survey ol the serum colour in relation to the degree ol the anaemia 
the number ot nucleated blood cells of the sternal marrow, and the morpho - 
logy of erythropoiesis in untreated pernicious anaemia. 


Case 

iir. 

Serum 

colour 

Anaemia in 
millions of 
erythrocytes 

Number of 
nucleated 
cells in 
sternal blood 

I 

Srythrobiasts 

irythrob]. in sternal- 
blood 

stcrnalblood 

Megalo- 
blasts < 
per cent 

Normo- 

blasts 

pereent 

50 

20 

1.03 

137,800 

54. SO 

4.50 

o ! 

17 

IS 

2.50 

64,800 

30.40 

3.50 

63.0 

34 

IS 

2.00 

77,600 

57.80 

14.00 

0 

-17 

17 

0.97 

35,000 

33.50 

5.00 

o 

51 

17 

1.41 

71,400 

46.90 

15.00 

o 

50 

17 

1.05 

62,600 

39.20 

6.50 

o 

28 

14 

1.40 

105,900 

19.70 

16.00 

0 

29 

14 

2.40 

240,000 

61.30 

15.00 

0 

11 

14 

0.09 

43,000 

43.60 

4.60 

0.5 

58 

14 

1.43 

57,900 

53.90 

23.50 

0 

21 

13 

2.60 

43.000 

23.90 

3.00 

25.0 

31 

13 

2.38 

9,100 

29.00 

0.00 

45.0 

52 

13 

1.14 

110,400 

54.90 

13.00 

U 

10 

12 

1.12 

71,000 

47.60 

5.50 

0 

30 

12 

1.20 

— 

30.20 

15.00 

0 

-18 

12 

1.59 

105,600 

38.80 

3.70 

0 

1 

11 

1.39 

87.S00 

27.00 

4.00 

0 

8 

11 

2.13 

50,000 

46.90 

7.00 

1.0 

55 

11 

2.01 

76,000 

33.30 

13.50 

0 

5 

10 

2.77 

64,600 

23.00 

13.00 

3.5 

20 

10 

1.10 

129,000 

38.00 

11.50 , 

0 

50 

10 

1.04 

67,000 

54.50 

14.50 

0 

02 

9 

2.50 

41,800 

23.20 

0.00 

34.0 

38 

25 

0 

0.91 

101,500 

44.10 

5.00 

0 

9 
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example, was found, with a relatively much-increased serum colour 
(to 18). The table shows that this patient suffered from a com- 
paratively moderate degree of anaemia with a profusion of normo- 
blasts. The case records show that the patients’ ages had nothing 
to do with this lack of conformity. 

Conclusion: The height of the serum colour and the degree of the 
anaemia show no parallel behaviour, and there is therefore, as already 
demonstrated, no correlation to be established between the height of 
the serum colour and the changes found on sternal puncture. The 
patients’ age is of no importance in connexion with this lack of conform- 
ity. 



X. Summary. 


Out of the jumble of cell forms described and from the diversi- 
fied nomenclature in the literature on the cell types of erythropoi- 
esis, I have selected and described certain main types to which, 
according to a simplified nomenclature, are given the names: 
promacro-megaloblasts, megaloblasts, macroblasts and normo- 
blasts. A detailed description of the morphology of these cells is 
given. The megalo types, assumed to be more vulnerable than the 
other types of erythroblast, are pathognomonic of failure of the 
antipernicious anaemia factor. The precursors of all the erythro- 
cyte types are developed from the same parent cells (promacro- 
megaloblasts) and undergo the same erythroblastic developmental 
changes which may vary somewhat morphologically if there is a 
shortage of the substances necessary for normal cell development 
(see. for example, the megalo types). The teaching that there are 
various so-called developmental series is abandoned, and it is main- 
tained that all the forms of erythroblast mentioned give rise to all 
of the known forms and types of erythrocyte (see fig. III). 

In pernicious anaemia, the large erythrocytes found in the 
peripheral blood are mainly derived from the bone marrows 
macroblastic and macro-megaloblastic transitional forms, and 
should be described as macrocytes. In their most typical form, the 
megaloblasts do not give rise to erythrocytes (megalocytes), hut 
degenerate at an early stage. Tire oval shape of certain erythrocy- 
tes is taken to show they are relatively old. 

Table 2 gives my own sternal puncture findings in normal 
subjects. After a critical perusal of the corresponding investiga- 
tions of other observers, I have found the results to tally comple 
tely, and to do so also in respect of my own patients with untreated 
pernicious anaemia. This concordance is so striking that I believe 
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am completely justified in maintaining that the findings of ster- 
nal puncture give an excellent picture of the quantitative and qua- 
litative activities of the sternal marrow. Sternal puncture also 
gives an unequivocal picture of the bone marrow and its cells. 
Changes in the marrow are instantly reflected, morphologically and 
numerically, in corresponding changes in the yield of sternal 
puncture. 

Occasionally, macroscopic and normally pure foci of fat. are 
found in the sternal marrow in which both haematopoietic tissue 
and fat arc developed in abundance. Sternal puncture yields a 
somewhat higher proportion of fatty tissue than is found in the 
bone marrow possibly because fat may be more easily aspirated 
than normal cell marrow whose aspiration provokes a moderate 
degree of pain. 

Sternal puncture of 49 patients with untreated pernicious 
anaemia showed a relatively very moderate number of nucleated 
blood cells if account is taken of the severity of the anaemia. The 
average figures for these cases were below the average figures under 
normal conditions, and isolated counts were within the normal 
range of variation. These counts showed a slight tendency to 
rise as the anaemia progressed, a slight increase in the number 
of constantly younger, nucleated erythropoietic cells being res- 
ponsible for this rise. During the first period of their development, 
the nucleated blood cells in the marrow of pernicious anaemia were 
less numerous than normal, and it would therefore seem that the 
initial stage of the anaemia is characterized by a more moderate 
development than normal of myeloid cells, both erythropoietic 
and leucopoietic. As the anaemia progresses, the erylhroblasts arc 
arrested in their development at an early stage and undergo to a 
certain extent megaloblastic degeneration because the process of 
maturing is inhibited. Some of them are gradually stored up as 
such with the result that their numbers rise again somewhat. With 
the further development of the pernicious anaemia, the percentage 
of crythroblasts on sternal puncture rises above normal, and tin's 
may mean that they are being stored up because their further 
development is arrested by the failure of the supply of the antiper- 
nicious anaemia factor. As the cell count on sternal puncture docs 
not fall with the progress of the anaemia, it is highly probable 


8 
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that there is some rise, of a very moderate degree , both absolute and 
relative, in the number of the erythroblasts, while there is a definite 
and constant dwindling of the numbers of the leucopoietic cells. 

In untreated pernicious anaemia, aspiration of sternal marrow 
provokes much more pain than that of normal sternal marrow. In 
this disease sternal puncture yields abnormally red marrow con- 
taining exceptionally numerous particles of marrow whereas there 
is at the same time a considerable reduction in the number of fat 
particles. These changes become more marked as the anaemia 
progresses, but in a few cases foci of fat may continue to be found. A 
»normal» agonal disappearance of the cells of the marrow, and a 
growth of fatty tissue may possibly occur in, pure pernicious 
anaemia. A yield on sternal puncture of a relatively considerable 
quantity of fat when the anaemia is moderate may be due to some 
of the normal fatty tissue having remained in place. In a few cases 
of pernicious anaemia the function of the sternal marrow may be 
unusually lively. 

In untreated pernicious anaemia, sternal puncture reveals 
the development of characteristic morphological changes in the 
erylhropoiesis. They fall naturally into three stages, — the initial, 
normomacroblastic stage, the normo-macromegaloblastic inter- 
mediate stage, and the maeromegaloblastic final stage (III). This 
last stage is usually reached before the effect of the anaemia drives 
the patient to seek medical advice. 

Megaloblasts are not demonstrable in normal sternal marrow, 
and this form of erylhroblast does not appear on sternal punclure 
before the pernicious anaemia has reduced the erythrocytes in the 
peripheral blood to fully three million per mm 3 . The promacro- 
megaloblasts become at the same time more numerous, reaching 
their peak together with the typical megaloblasts when the anaemia 
has fallen below two million erythrocytes. At the same .time the 
number of macroblast cells rises evenly with the progress of the 
anaemia, from less than the normal 10 per cent, on sternal puncture 
to over 80 per cent, when the pernicious anaemia is fully developed. 
Simultaneously with their rise (which may be slight in absolute 
figures and is definite relatively) the macroblasts change from tie 
morphologically normal and somewhat older type to almost exc u 
sively macromegaloblast transitional forms vdien the anaemia is 
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fully developed. II is this type of cell which predominates on ster- 
nal puncture. As the anaemia progresses, the normoblasts disappear, 
and they are not demonstrable when the erythrocytes in the peri- 
pheral blood fall below two million. This rule is so absolute that 
when the sternal marrow yields normoblasts in untreated anaemia 
with less than two million erythrocytes, the diagnosis of pernicious 
anaemia must be rejected. The presence of numerous pjhnotic 
erythroblasts coujd be indicative of a complication, probably toxic, 
such as chronic polyarthritis, congenital syphilis or chronic ente- 


rocolitis. 

The leucocyte types of cell yielded by sternal puncture also 
change with the development of pernicious anaemia. The granulo- 
cytes and their precursors remain numerically unchanged in rela- 
tion to each other. But they change morphologically, and we find 
larger varieties of them as with the erythropoietic cells. These lar- 
ger cells have been called macroleucocytes. There is an increase in 
the number of ret iculo-endothelial phagocytic elements, and this 
increase may he due to the abnormal metabolism in association 
with the pathological crythropoiesis. There is also a rise of the 
percentage of macerated cells partly on account of the pathological 
crythropoiesis, the megalo types being more vulnerable than the 
other crytlnopoictic cell types. The megacaryoeytes remain un- 
changed during the progress of pernicious anaemia, while the per- 
centage of lymphocytes falls, the fall being to some extent relative. 

The author cannot accept the view generally held that the hone 
marrow of pernicious anaemia is hyperplastic and hyperactive. 

The author has shown that the number of nucleated blood 
cells yielded by sternal puncture is increased only to a very doubt- 
ful extent, in the final stage of pernicious anaemia, whereas earlier 


in the disease it seems to he reduced. The volume of these cells is, 
however, much increased. It. seems to him that the red and some- 
what enlarged hone marrow gives an impression of »arcgcncrative», 
to some extent degenerative hypertrophy. Its functional capacity 
is reduced, and it is neither hyperplastic nor hyperactive. This is 
how ..the author visualises the development of pernicious anaemia: 

r Ihe supply or the antipcrnicious anaemia factor fails, and the 
hone marrow, which had boon normal in extent and function, ceases 
to work as before. The cells change and hypertrophy, the marrow 
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becoming inactive. We now find in the haematopoietic system 
a primary hypertrophy in its normal area of distribution in which 
the fatty marrow is displaced. The reduced functional activity of the 
marrow leads to incipient anaemia and granulocytopenia which 
stimulate the haematopoietic properties of the organism now pro- 
ducing all it can of haematopoietic tissue. This happens throughout 
the bone marrow which becomes hyperplastic, consisting to a 
large extent of young erythropoietic cells. This happens also on the 
administration of a small amount of the antipernicious' anaemia 
factor with the result that the erythroblasts are arrested in their 
development at an early stage. The result is a hypertrophic hone 
marrow, functionally inactive, and with exactly the same character 
as the hone marrow which develops in those areas in which one 
normally finds actively functioning, haematopoietic cell marrow. 
The whole of the haematopoietic cell marrow of the bony system is 
now hypertrophic and inactive. 

The reticulocyte counts in the peripheral blood and from normal 
sternal puncture are under the normal upper limit of 20 per thous- 
and in normal blood. In pernicious anaemia, the reticulocyte count 
is someAvhat higher than normal, more so on sternal puncture than 
in the peripheral blood. But in relation to the degree of the anaemia 
and the hypertrophy of the erythropoietic tissues of the bone 
marrow, the rise of the reticulocyte count is so moderate that this 
also points to the productive capacity of the bone marrow being 
small. 


In response to liver treatment, the number of nucleated blood 
cells yielded by sternal puncture rises above the normal range of 
variations. This happens invariably, and the peak is reached about 
the third day. At this stage the bone marrow is to be regarded as 
hyperplastic and hyperactive from the anatomical and functional 
points of view. Provided there is not a high percentage of normo- 
blasts in the bone marrow, this reaction is practically independent 
of the degree of the anaemia when liver treatment was started. 
To sd this readion going, the dosage of the injected liver prepaia 
tion seems to be of little importance. Also in response to li\ er 
treatment, there is a marked rise in the percentage of the erytlwo 
blasts in relation to the nucleated blood cells yielded h> sterna 
puncture. This rise of the erythroblasts runs parallel with the ns 
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in the number of nucleated blood cells, and both reach their peaks 
about the third day. The extent of the reaction is not, however, so 
great that one can discount the possibility that the increased cell 
count on sternal puncture also depends, in a much more moderate 
degree, on a rise of the leucocyte types of cell. Also in this matter the 
quantity of the liver preparation injected and the degree of the 
anaemia at the time of the injection seem to be of minor importance, 
It is, however, conceivable that in pernicious anaemia, the extent 
of the reactions mentioned may be somewhat less marked, and 
that the rise in the percentage of erythroblasts is somewhat greater 
when the erythrocytes in the peripheral blood rise higher than 
usual after liver treatment. 

According to the degree of failure of the antipcrnicious anaemia 
factor, we must be prepared to find pernicious anaemia running 
its course in different ways. 

Corresponding to the purely quantitative changes in the yield 
of sternal puncture there are perfectly rule-bound qualitative 
changes in response to liver treatment within 24 hours of which the 
first changes arc already to be observed in most cases. The cells 
of the mcgalomacroblastic type in the sternal marrow change, 
developing (ripening) in the direction of noimal erythroblast forms. 
After about 24 hours the marrow is basophile and young-macro- 
blastic. On the second da}' it is basophile and macro-normoblastic, 
and about the third day it is cosinophile and normoblastic, and this 
stage coincides with the. highest count of nucleated blood cells 
found on sternal puncture. Following these changes in perfectly 
rule-bound fashion is the erythroblast crisis with peaks on one of 
the closely ensuing days. The erythroblast peak in the peripheral 
blood coincides with the erythroblast peak in the sternal marrow 
about the third day, and like it is an cosinophile normoblast 
crisis, lire reaction seems to proceed somewhat more sluggishly 
if the liver treatment is given early in the development of the anae- 
mia while there arc still many normoblasts in the bone marrow, 
or rf there is a serious complication of a toxic character. 

When the megaloblasts and the mcgalomacroblastic transitional 
tjpes have been transformed, the subsequent reaction of the bone 

marrov is identical with the physiological regenerative ervlhro- 
blast reaction. 



110 


A study of the erythroblast types during regeneration shows 
that the megalo types develop through macroblastic stages into 
normal normoblasts which in their turn mature furthei to erythro- 
cytes of normal type, — normocytes. 

The increase in the average volume of the erythrocytes shortly 
after liver treatment is started is due to the fact that the young 
reticulocyte is a little larger than the mature erythrocyte. By 
the numerical standard alone, this phenomenon is accentuated by 
the gradual disappearance of the microcytes and schizocytes when 
the bone marrow function returns to normal, whereas the macro- 
cytes live on some time longer as more normal types of erythro- 
cyte. Any possible new formation of macrocyte is so small that it 
may be assumed to be without any demonstrable effect on this 
rise in volume. 

A small dose of liver extract can start a normal reticulocyte 
crisis without any subsequent demonstrable rise of the erythro- 
cytes in the peripheral blood. This is so because the dose is large 
enough only to check the progress of the pernicious anaemia by 
restoring the bone marrow to normal for quite a short time. The 
small erythrocyte rise, undoubtedly talcing place, is also obscured 
by the behaviour of the bone marrow which, acting normally for 
a short time, arrests the further pathological development of 
microcytes and schitzocytes with the result that they are to a cer- 
tain extent and temporarily absent from the peripheral blood. 
Their relatively great numbers may have this effect that the newly 
formed normocytes are not numerous enough to hide the numerical 
deficiency of the pathological erythrocytes. 

As a rule, complications of various kinds do not seem to in- 
hibit the functions of the sternal marrow nor the action of liver 
treatment. But in a case of sepsis running a fatal course, the func- 
tions of the marrow did seem to be paralysed or, perhaps, the effect 
of the liver tieatment was shortened. Old age seems to have no 
demonstrable effect on the functions of the bone marrow 7 in perni 


cious anaemia. 

When the treatment is given a second time during the same 
regeneration period, the sternal marrow reacts in principle to it m 
the same way as in untreated pernicious anaemia. But if the secon 
treatment is given relatively soon after the first, the reaction is 



Ill 


somewhat toned down, particularly if the normoblast count on 
sternal puncture is high. 

Under adequate liver treatment the bone marrow again be- 
comes perfectly normal, and the yield of sternal puncture is indist- 
inguishable from the normal. 

Tf we compare the sternal marrow changes observed in this 
study of untreated cases of pernicious anaemia with the behaviour 
of the serum colour of the blood, we find no demonstrable rela- 
tionship between its level and the degree of the anaemia. I have 
also failed, naturally enough, to find any relationship between the 
level of the scrum colour and the degree of the purely quantita- 
tive and qualitative changes in the yield of sternal puncture. 
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XI. Case Reports. 


Key to Abbreviations in Case Reports. 

Asp. = aspirated 

Vac. = vacimm 

St. = sternal 

M.p. = marrow particles 

F.p. = fat particles 

A. pain — aspiration pain 

X cc vacuum = the vacuum created when the plunger of the aspiration 
syringe is drawn hack to the line of demarcation > 
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Case 1. K. J. $ aged 59. Born IS — 

— 35). 

Occupation: Wife of lumber-man. 

In the late autumn of 1932 troubled by giddiness, headache, breath- 
lessness, tingling in her hands, soreness of her tongue and loss of weight 
(about 10 kg.). Admitted 24—1—33 to the Med. Dept. A. of the Riks- 
hospital where pernicious anaemia was diagnosed. III). 29%, crythr. 
1.0G mill. Leucocytes 4700. Scrum colour 9. Anacidity. Treatment with 
injections of hepsolin and discharged with erythr. 3.55 mill. Instructed to 
take 200 g. liver daily. Has subsequently been repeatedly admitted to 
the same Dept, for relapses, the last occasion being 7 — 2 — 1 938. 

She feels tired and relaxed, complains of headache, seems mentally 
dull with a touch of Mongolism about her. A hint of yellow in her skin, and 
her sclera are yellow. State of nutrition good. Blood-press. 120/05. Pulse 
92, regular. Resp. 20, not embarrnsed. Temp. 38. Tongue moist, its margin 
smooth. Apex beat of the heart not visible. A systolic adventitious sound 
loudest over the apex. Liver dulness G c. to 2 finger-breadths below the 
costal arch. Margin of the liver palpable. Spleen palpable. 


Reflexes: 

R. 

L. 

Abdom. reflexes 

J. 

-- 

Patel. » 

*r + 

4- -t- 

Achil. # 

+ + 

-r + 

Babinsk. » 

1 1 

I 1 


Gait unsteady. Romberg ~ 


Wassermann ~. S. R. 15G mm. after 1 hr. (falling to GO during stay 
in hospital). Serum colour 11. Ewald test meal: Congo Me. Lean — , 
ac. 0/G. Urine: Schlesingcr (1/10 dilut. lib. 40 % = 5.52 g. %. lib. pr. 
crythr. 37.7 yy. Erythr. 1.4G mill. Leucocytes 5000. Reticulocytes G °f w . 
Blood smear: Praemyelocytcs +, eos. 1.3 %, metamyelocytes 0.7 %, band 
forms. 3.2 %, polymorphs 51.9 %, monocytes 1.9 %, lymphocytes 40.3 %, 
plasma-Tilrk 0.7 %. Faint anisocytosis, macro-megalocytosis. A few 
microcytes, schizocytes and poikilocvtes. Orthrochromasia. Polychroma- 
sia. Several basophil-punctuated erythrocytes. Cabot’s rings and Jolly 
bodies. Over segmentation of the nuclei of the neutrophil leucocytes. 
Nucleated erythrocytes 3/500 L. Sternal puncture: Megalo-macro-blaslosis. 
A radiological examination of the stomach and duodenum negative. 

Treatment: 12—2 20 cc. pornami nr. II. 

28 — 2 20 cc. pernami nr. II. 

Case 2 . /<;. aged 03. [Ref. nr. 6 7.S7/35 — 30). 

Occupation : Lumber-man . 

Subject to dyspepsia for the last twenty years, particularly on heavv 
work. A sense of gastric oppression directly after meals, particularly 
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when they were heavy. Has felt more and more relaxed during the last 
two years and has been obliged gradually to reduce his work. Of late 
gradually becoming still more relaxed, he has been unable during the last 
three weeks to do any work, and he lias spent most of his time in bed. 
Troubled of late by tinnitus and some soreness of his tongue. Has recently 
noticed he had become pale and yellow and had lost weight. The doctor he 
consulted secured his admission to the Med. Dept. A. of the Rikshospital 
on 20 — 2 — 36. 

Present condition: Very pale, mucous membranes also pale. Face 
slightly but definitely yellow. Emaciated. Blood press. 100/55. Tongue 
smooth about its margins and sore. A slight systolic blowing murmur lou- 
dest over the apex beat. Patel, and Achil. reflexes absent. The patient 
states that he has often noticed that his hands and arms have become numb. 
Ewald test meal: (% hr.) Ac. 0/7, Congo 4- McLean 4-. Urine: Schlesinger 
(1/10 dilut.) + faint, otherwise normal. Wassermann 4-. Serum colour 7. 
S. R. 36 mm. after 1 hr. Hb. 50 % = 6.9 g. %. Hb. pr. erythr. 45.1 yy. 
Erythr. 1.53 mill. Reticulocytes 36 % 0 . Leucocytes 4600. Blood smear: 
Eos. 1%, band forms 3.5%, polymorphs 43.5%, monocytes 0.5%, 
lymphocytes 51.5%. Polychromasia, marked anisocytosis, poildlocytosis, 
megalocytosis, schizocytosis and microcytosis. Anisochromia. Marked 
over-segmentation of the nuclei of the neutrophil cells. Macroblasts 1/200 L. 

Sternal puncture: Megalo-macro-blastosis. 

A radiological examination of the stomach and duodenum yielded nor- 
mal findings . 

Treatment: 24 — 2 — 36 11 ce. B-bu-perf-Eu-phase desalted four times, 
felling. 1 375 g. liver. 

2/ 3 — 4/ g — 3 g 80 cc, pernami »Nyco». 


Case 3. A. R. $ aged 72. Born 13—7—1S64, Aaiesund. {Bej. nr. 914136' 
—37). 

Occupation: Housewife. 

She has been troubled by diarrhoea all her life. Achylia demonstrated 
in 1926, HCL prescribed, and she felt better. Treated in the Med. Dept. A. 
of the Rikshospital oct. 1929 with the diagnosis of achylia gastrica and 
diarrhoea. Since May, 1935, pain and stiffness in both knees. Treated at 
the Sandefjord hydro. After April 1936 she began to feel listless and breath- 
less, and she became more and more pale. Rever any soreness of her tongue. 
In May, 1936, a doctor diagnosed pernicious anaemia. She felt somen ta 
better after liver injections, but was still tired, listless and out of brea >• 
Defaecation and micturition have functioned normally of late. A mi e 
6— 7— 36 to the Med. Dept. A. of the Rikshospital for pain in her knees 

and for insomnia. . . 

Present condition: She looks and feels fit and does not gne an in1 P 
sion of anaemia. Pulse 68 and regular. Blood press. 150/85. emp. 
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Case 1 — 2—3. Cell count and Hmglb. front ear and sternal l)lood. 



Case: 1 — 2 — 3 Differential cell count of sternal blood. 
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Heart and lungs normal, and liver and spleen not palpable. No rash or 
oedema. Urine normal. Ewald test meal: Congo -N, ac. 0/6. Hb. lio °/ = 
15.18 g. %. Hb. pr. erythr. 33.2 yy. Erythr. 4.58 mill. Leucocytes: 4800 
Reticulocytes 2. Serum colour 7. Blood smear: Bas. 1 %, eos. 3 %, band 
forms 3.5 %, polymorphs 55.5 %, lymphocytes 32.5 %, monocytes°4.5 %. 
Anisocytosis, microcytosis, schizocytosis, orthochromia, macrocytes 
slight anisochromia, macrothrombocytes, no over-segmentation of the 
nuclei of the neutrophil leucocytes. 

Sternal puncture: Megalo-macro-blastosis. 

Cose i. K. S. $ aged 5G. Born 2 — 11 — 1SS0, Holt, Fet. [Ref. nr. 7S57j 
36 — 37). 

Occupation: Wife of a master carpenter. 

Albuminuria during two or three of her pregnancies, and on two occa- 
sions, when not pregnant, confined to bed for renal disease. She thinks 
that she has not suffered from it since the birth of her last child 14 years 
earlier. Six or seven years ago she began to be troubled by tiredness and 
lassitude and pain in the small of the back. A doctor diagnosed anaemia 
and prescribed 100 g. liver daily plus iron pills. In the autumn of 1936 
she began again to suffer from tiredness, lassitude and loss of appetite. At- 
tended the medical polyclinic of the Rikshospital 18 — 9 — 36 where ana- 
cidity was found. Hb. 87 %, erythr. 4.59 mill. Radiological examination of 
stomach and duodenum showed normal conditions. Iron pills and HCL 
were prescribed, and she has since taken them. But she did not improve, 
and in Nov. 1936 she began to suffer also from a sense of pricking in ankles 
and knees, and from defective hearing, tinnitus, giddiness and soreness 
of her tongue. Considerable loss of weight the past half year (exact loss 
not known). Anorexia, but she sleeps well, and there has been no disturb- 
ance of micturition. Constipated during the last month. Admitted to the 
Med, Dept. A. of the Rikshospital 22 — 3 — 37. 

Present condition: The patient seems tired and apathetic. Some dys- 
arthria and impaired hearing. Complexion pale-yellow. She is emaciated 
and complains of pain in her legs. Temp. 37.8, resp. 18 and not embarrassed. 
Pulse 100, regular. Blood press. 100/45. Tongue moist, smooth, atrophic 
papillae over the whole of it. No oedema, no rash. A hint of yellow in the 
sclerae. No absolute cardiac dulness. Systolic murmur loudest over the 
apex. Apex beat in the 5th intercostal space, 11 cm. from the middle me, 
outside the mid-clavicular line. Liver dulness 6 c. to 2 finger-brea s 
below the costal arch. 

Reflexes: R. L. 

Abdom. mid-reflexes faint + faint + 

Abdom. upper reflexes -r -P 

Abdom. lower reflexes -r 

Patel. » -r 

Achil. » -r -r 

Plantar » faint faint 
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Ewakl test meal (after % hr-). ac - °/ 16 > McLean—, Congo—. Urine: 
trace of albumin, no pus, guaiac. -h Schlesinger (1/10 dilut.) + , Wasser- 
n)ann — . Serum colour 9. S. R. 42 (after 1 hr.), reties. 7200, Hb. 26 % — 
3.588 g. %. Hb. pr. erythr. 40.3 yy. Eryllir. 0.89 mill. Leucocytes 2600. 
Blood smear: cos. 0.5 %, myelocytes 1 %, metamyelocytes 4 %, band 
forms 0.5 %, polymorphs 35 %, lymphocytes 53 %. Marked anisocytosis, 
schizocytosis, microcytosis, macro-megalocytosis, oversegmentation of 
the nuclei of the neutrophil leucocytes. Orthochromia, poikilocytosis, 
polychromasia 1 °l 00 . Macro blasts 1/200 L. 

Sternal puncture: Megalo-macro-blastosis. 

The patient’s lassitude was steadily progressive, and she died 28 — 3 — 37. 


Case -1. Differential leucocyte count of ear blood. 
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Case 4. Cell count and 1-Imglb. from car and sternal blood. 
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Case 4, Differential cell count of sternal blood. 
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A post-mortem examination showed medulla osseuin rubr , ^ 

ment of the spleen, haemorrhagic and gangrenous cystitis, supp _ ‘ 
pyelo-nephritis on the right side, chronic nephritis with scar 
and bilateral pneumonia. 
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Treatment: On 25—3—1937 transf. sang. 500 cc. and on 27—3 1000 cc. 

22—3 2 cc. Mrk. (X) E = 1 mg. t.s. 

24—3 10 cc. Mrk. (X) E = 5 mg. t.s. 

Case 5. J. M. $ aged 40. (Ref. nr. 02S1/35 — 30). 

Occupation: Carpenter. 

Healthy till 1927 when he was troubled for 4 to 5 months by dyspepsia 
manifesting itself as a dragging pain in the epigastrium whence it radiated 
to the small of the back. It was apt to occur before meals and to be relieved 
on eating. Troubled also by diarrhoea. A doctor found that he lacked IICL, 
but though this was prescribed, he continued to suffer from diarrhoea. 
Early in August, 1935, progressive lassitude. He had to give up work 1—4 
—19*30, at which dale his old dyspepsia recurred. No loss of weight. Ad- 
mitted to the Med. Dept. A. of the Rikshospital 11 — 5— 1930. 

Present condition: Rather pale and slightly jaundiced. Tongue much 
furrowed -f- not smooth. (The patient says, however, that his tongue has 
been sore for about one year). Pulse 00, regular. Temp. 37.0. Resp. 20, not 
embarrassed. Blood press. 150/90. Heart normal. Urine: Schlesingcr +. 
Ewald test meal: (% hr.) ac. 0/4, McLean -7-, Congo — . Wassermann -p. 


Case 5. Differential leucocyte cell count of car blood. 
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Case 5. Cell count and Hnrglb. fiom car and sternal blood. 
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Case 5. Differential cell count of sternal blood. 
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Serum colour 10. lib. 57 % = 7.87 g. %, erytlir. 2.31 mill. Hb. pr. erythr. 
34.1 yy. L. 5300. Blood smear: cos. 1 %, band forms 1.5 %, polymorphs 
30.5 %, monocytes 0.5 %, lymphocytes 66.5 %. Marked anisocytosis, 
scliizocytosis, microcytosis, macrocytosis, megalocytosis, anisochromia, 
polychromasia, basophil punctuation, erythroblasts 1/200 L„ and over- 
segmentation of the nuclei of the neutrophil cells. 

Sternal puncture: Macro-megaloblastosis. 

A radiological examination of stomach and bulb. duod. showed normal 
conditions. 

Treatment: 14 — 5 — 36 4. cc. Bentz filtr. XX = 200 g. liver. 

2 Q — 5 — 36 4.5 cc. Bentz filtr. = 250 g. liver. 

2 — 3/6 — 36 40 cc. Pernami. 

Case G. J. B. <? aged G5. (Ref. nr. 9567/35 — 3G). 

Occupation: Retired farmer. 

Since 1916 troubled by rheumatism for a couple of years. Diabetes 
diagnosed in 1934. Put on a diet and felt well till about a week ago when 
he began to experience lassitude and tiredness as well as breathlessness 
on walking upstairs. He continued to work till 14 — 5 when he had to give 
it up on account of epistaxis about 1/4 liter. Admitted to the Med. Dept. 
A. of the Rikshospital 20 — 5 — 1936. 

Present condition: The patient is very pale and thin. Tongue moist 
and clean. Pulse 80 and regular. Temp. 37.6. Resp. 20 and not embarrassed. 
Blood press. 120/70. Apex beat 1 cm. outside the nipple line. Liver and 
spleen not palpable. Diffuse swelling of both wrists which are completely 
ankylosed. The slightest attempt to induce movement provokes con- 


Case 6. Differential leucocyte count of car blood. 
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Cnsc 0. Ccli count and Hinglb. from car and sternal blood. 
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siderablc pain. Reflexes normal. Urine: Benedict -f + , Gerhard — Rothera 

sp. gr. 1030. Wassennann Serum colour D. S.R. 50 mm. after 1 hr. 
lib. 35 % = 4.37 g. %. lib. pr. erylhr. 28.5 yy. Erylhr. 1.07 mill. L. 2900. 
Reticulocytes 9°/ 00 . Blood smear: bas. 0.5%, cos + , praemyelocytes 
0.5%, band forms 4 %, polymorphs e9 %, lymphocytes 04.5%, mono- 
cytes 1.5%. Sfegalo-macrocytosis, anisocytosis, microcytosis, schizocyio- 
sis. Erylhroblasts 1/200 L. Polychromasia and anisochromia. No over- 
segmentation of the nuclei of the leucocytes. 

Sternal puncture: Macro-megaloblastosis. 

No growth on blood culture. 

Treatment: 2 5 — 5 — 3G 3 cc. Bcntz filtre. = 150 g. liver. 

29 and 30 — 5 40 cc. Pernami. 

Case 7. $ II. II. aged 2C. Born 2 S— 12 — 100 S, Sokncdal [Ref. nr. B40ij 
3C—37). 

Occupation: Wife of milkman. 

Became pregnant in July 1930, and during the first half of her preg- 
nancy she suffered somewhat from nausea and, on rare occasions, vomited. 
At the end of Nov. 1930 (about 2 / 2 months earlier) she began to suffer 
from lassitude, losing her appetite and becoming definitely pale. She lost 
weight and, finding it difficult to work in the cow byre, she ceased nor' 
11—12—30, when she suffered from attacks of shivering and sweating, 
frontal headache, epistaxis and pain in her knees, calves, forearms am 
between her shoulder-blades. She had also a violent cough uith pro use 
expectoration which was often brown or blood-stained. This expectora ion 
was usually a sequel to her nose-bleeding from which she suffered more or 
less every day. A doctor summoned on 12 — 12 — 30 diagnosed infuenz, . 











Leucopolcsls . Erythropoicsis 
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Cnsc C. Differential cell count of sternal Mood. 
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She got no better, and on 30—12—36 she was sent to a diagnosis station 
in the County of Aker where she was found to be Pirquet-positive. S R 70 
The X-rays showed enlarged hilus shadows on both sides and, on the right 
side, a few small patches in the lung itself. These were not interpreted as 
indicating active tuberculosis. A renewed radiological examination on 
3 — 2 — 37 showed recession of the shadows in the right hilus. She stated 
that for several years she had suffered from time to time from tingling in 
her fingers and toes, and that the tip of her tongue had been sore latterly. 
On 6 — 2 — 37 she was admitted to the Med. Dept. A. of the Rikshospital. 

Present condition: She is very pale. Resp. 28, audible, temp. 38.2, 
tongue moist and clean, its surface rather flat. Blood press. 95/40. No 
oedema nor rash. Nothing abnormal about her throat, neck or lungs. Apex 
beat in the fifth intercostal space 10 cm. from the middleline, dulness 
fourth left rib to margin of sternum. A faint systolic murmur loudest at 
insertion of third rib. Liver and spleen not palpable. Abdomen large, 
fundus uteri 1/3 supra-umbilic. Foetal heart sounds audible below the 
umbilicus, approximately in the middle line. Ewald test meal: Congo 
McLean ac. 0/6 after 3/4 hr. Basal metabolism 123 %. Wassermann ~. 


Case 7. Differential leucocyte count of earblood. 
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Case 7. Cell count, and Hmglb. from ear and sternal blood. 
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Case 7. Differential cell count of sternal blood. 
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sis, microcytosis, poikilocytosis, macrocytosis, and megalocytosis One 
megaloblast and one macroblast. Carbot’s rings. Polycliromasia 2°/ 
Some of the neutrophil leucocytes show over-segmentation. w ' 

Sternal puncture: Megaloblastosis. 

On 12—2—37 she developed a sore throat with fever which, in the course 
of a couple of days, rose to 40 on account of a progressive phlegmonous 
inflammation which extended from her neck down to the middle oilier 
thorax. Death occurred on 18—2—37 after extensive incisions made in vain 
at the Surg. Dept. B. of the Rikshospital. 

Treatment: 10—2—37 500 cc. and 17—2—37 1000 cc. defibrinated blood. 

Case S. J. B.Qaged 69. Born 9 — 11 — 1867, Ullensaher. (Ref. nr. OMIj 
36—37). 

Occupation: Widow. 

Was troubled in 1929 by dyspepsia, and a doctor prescribed a diet, 
but she became steadily worse, felt tired and listless, ate very little and 
became pale and thin. Her tongue was so sore that she could eat only 
tepid food. Her fingers and toes were liable to become cold and white, and 
they wery subject to a sense of pricking and stabbing. In June 1939 she 
attended the Medical Polyclinic of the Rikshospital, was given liver treat- 
ment, and became perfectly well. At first she ate 200 g. of liver daily, but 
after some time she discontinued it altogether. She was well and at work 
till just before Christmas 1930 when she lost weight, vomited all her food, 
and suffered from her earlier symptoms. Between 29 — 7 — 1931 and 17 — 9 — 
1 931 she was treated for pernicious anaemia and thyreotoxicosis at the Med. 
Dept. B. of the Rikshospital. On admission: Erythr. 1.47 mill. L. 1900. 
Serum colour 14. Reties. y 2 %. Was treated with campolon and liver. On 
discharge: Erythr. 3.98 mill. L. 4800. 

Thereafter for a year she ate 250 g. fried liver daily. But gradually she 
came to omit this treatment for several days, and the quantity of liver con- 
sumed diminished when her appetite dwindled. In February, 1935, a doctor 
gave her injections, and she became well. At first she did noteat any li'cr, 
but since May, 1936 she ate about 50 g. weekly. Since then her troubles 
have gradually increased, and she was transferred from the Polyclinic 
on 8 — 5 — 1937 to the Med. Dept. A. of the Rikshospital. 

Present condition: She is very pale and thin, and her conjunctive art 
also pale. Tongue red, moist, clean. Pulse 76, regular. Resp. 16, unembar 
rassed. Temp. 38.2. Blood press. 165/80. Pupils equal in size, circular, reac 
ing to light and accommodation. A goitre, of the size of a goose s egg. - P cx 
beat visible in the nipple line in the fifth intercostal space. Cardiac lanu 
15 cm. Bloving systolic murmur over the apex. Liver palpable 3 m c e 
breadths below costal arch. Spleen firm and palpable 2 finger- re a ^ 
below the costal arch. Reflexes normal. Urine: Schlesinger (1/10 di u .) . ■ 
Wassermann Serum colour 11. S.R. 39 mm. after 1 hr. Eva! es m 
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(after 3/4 hr.) Congo -f- , McLean -R. Standard basal metabolism 157 %. Hb. 
6i o/ = 8.418 g. %. Hb. pr. erythr. 39.5 yy. Erythr. 2.13 mill. Reties. 
6°/ °. Leucocytes 1900. Blood smear: eos. 2.6 %, band forms 8.6 %, poly- 
morphs 19.8 %, monocytes 4.3 %, lymphocytes 64.7 %. Anisocytosis, 
schizocytosis, poildlocytosis, macro-megalocytosis, basophil punctuation 
polychromasia 1.5 °/ 00 . Over-segmentation of the nuclei of the neutrophil 

leucocytes. 


Case 8. Differential leucocyte count of ear blood. 
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Case 8. Cell count and Hroglb. from ear and sternal blood. 
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Case 8, Differential cell count of sternal blood. 
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Case 0. I.U. $ aged Gi. Born 9—5—1875, Skedsjno. (Ref. nr. 3301/30 — 
37). 

Occupation: Wife of moulder. 

In the autumn of 1914 pneumonia followed by empyema for which an 
operation was performed. Otherwise well till Nov. — Dec. 1935 when she 
began to suffer from soreness of the mouth, the tongue in particular. Since 
then this condition has returned in bouts. Since July 193C lias felt tired, 
and the iron prescribed by a doctor had no effect. Hence his advice that she 
should attend the Medical Polyclinic whence she was admitted to the Med. 
Dept. A. of the Rikshospital. Since midsummer troubled by numbness 
and pricking and tingling in her fingers, so marked that it was difficult to 
hold her needle when sewing. During the last three months some headache 
and giddiness. Appetite poor. 


Case 9. Differential leucocyte count of car blood. 
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Case 9. Cell count and Hmglb. from car and sternal blood 
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Case 9. Differential cell count of sternal blood. 
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Present condition: 21—10—1930. General stale of nutrition normal, 
skin yellow. Tongue moist, red, smooth, clean. Pulse 50, regular. Rcsp. 10, 
unembarrassed. Temp. 37.1. Blood press. 115/60. Cardiac dulness fourth 
rib to left of sternum. Apex beat not palpable. Total cardiac diam. 11.5 
cm. First heart sound muffled. Accentuation of the second sound. Sharp 
systolic blowing murmur loudest over the apex. Hepatic dulness from 7lh. 
rib to 2 fingerbreadths below costal margin, palpable. Reflexes normal. 
Urine: Schlesingcr (1/10 dilut.). Kwald test meal: (3/4 hr.) ac. 0/5, Congo 
-y, McLean Wassermann -f-. Serum colour 1. S.R. 50 mm. after 1 hr. 
Hb. 73% = 10,074 g. %. Ill), pr. erythr. 30.7 yy. Erythr. 3.2S mill. L. 
4200. Relics. 5 °/ 00 . Blood smear: eos. 4 %, has. 1 %, band forms S %, 
polymorphs 22 %, monocytes 7 %, lymphocytes 58 %. Anisocvtosis, 
poiiiilochromasia, orlhochromia, slight schizocytosis and microcytosis. 
Carbot’s rings. Marked basophil punctuation. A macrocyte here and there. 

Sternal puncture: macro-normo-blaslosis. 

Normal conditions found on radiological examination of the stomach 
and bulb. duod. Heart seen to be slightly enlarged (aorta configuration). 

Treatment: 5— 11— 3G. 10 cc.. Mrk. K b Ph. (3 — 11 — 3G) = 500 g. liver. 

11 — 11 — 30. 10 cc. Mrk. i: b Ph. (3— 11— 3G) = 500 g. liver. 

Case 10 . II. X. O. £ aged GO. Horn 10 — 1 — 1SCS, Ilallingdal {Ref. nr. 
10670/3G—37). 

Occupation: Farmer. 

Well till 1931 when he began to feel that food was retained in his sto- 
mach. Some time later he consulted a doctor for increasing lassitude. This 
doctor found lib. 42 %, and prescribed iron. The patient retired to a 
mountain dairy and fell well during the autumn. Latterly he has suffered 
more from lassitude, and has also noticed increased dyspnoea when at 
work. A year ago he consulted a doctor who found heart disease and 
prescribed medicine accordingly. Of late years friends have remarked 
that be looked rather pale, but during the last half year his pallor has 
become much more severe and his strength has failed considerably. Since 
February he has noticed soreness of his tongue, and latterly he has fell 
chilled. No paracsthosias of hands or feet, hut his lower limbs have become 
weaker, and his urine darker, lie sleeps and eats well, but fancies he has 
lost some weight. He was admitted to the Med. Dept. A. of the Rikshospi- 
tal 17—G— 1937. 

Present condition: lie is thin, and his skin is of a pale-vellow, straw-like 
colour. Mucous membranes pale and sclerac slightly jaundiced. Weight 
54.5 kg. Weight when well was 75 kg. Increased irritability of the muscles, 
longue smooth. Pupils equal, reacting to light and accommodation. 
Hindus oculi: media not quite clear, nothing morbid visible. Pulse SO, 
regular except for a few extrasystoles. Temp. 37.1. Blood press. 140/95.’ 
Cardiac diam. 12 cm., its left limit 8 cm. from the middle line. A very faint 
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systolic murmur over the apex. Liver and spleen not palpable. Reflexes 
normal. Urine: dark brown, Scblesinger (1/10 dilul.) +, Wasscrmann- 
Sernm colour 12. S.R. 50 after 1 hr. Ewald test meal: (after 3/4 hr ) Congo 1 
McLean -r, ac, 0/3. 11b. 37 % = 5.10G g. %. lib. pr. erythr. 45 Gw 
Erylhr. 1.12 mill. Reties. 32 %. Leucocytes 2700. Blood smear: praemye- 
locyles 0.5 %, cos. 1 %, myelocytes 0.5 % band forms 5.5 %, polymorphs 
2S.5 %, monocytes 3.5 %, lymphocytes 00 %. Marked anisocytosis, macro- 
mcgalo-cylosis, microcytosis, schizocytosis, poikilocytosis, ortbochromia, 
basophil punctuation, polycliromasia. Carbot’s rings. Over-segmentation of 
the nuclei of the neutrophil leucocytes. Erythroblasts 4/200 L. 

Sternal puncture: macro-megalo-blnslosis. 

Treatment: IS — C — 1937 4 cc. Exnmin i>Nycot> = 200 g. liver. 


Cnsc 10. Diffcicntinl leucocyte count of car blood. 
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Case 10. Cell count and I-Jmglb. from car and sternal blood. 
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Case 10. Differential cell count of sternal blood. 
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Case 11. Differential leucocyte count of ear blood. 
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Case 11. W. H. 3 aged 45. Born 27—10—1SS7, Lokcn , IJoland. {lief, 
nr. 10419/35—36). 

Occupation: Saw-mill worker. 

Well till the autumn of 1935, when he began to suffer from persistent 
tiredness and lassitude. During the last 5 to 6 weeks his condition became 
worse with striking rapidity, he lost his appetite completely and a little 
weight. He was up and about till eight days ago when he had to take to his 
bed. During the last two years periodic attacks of soreness of his tongue. 
He was admitted to the Med. Dept. A. of the Rikshospital 1G — 6 — 3G. 

Present condition: He is thin and his skin is pale-yellow. Sclerae jaun- 
diced. Pulse GS, regular. Blood press. 120/G0. Temp. 37.9. Pupils circular 
and equal, reacting to light and accommodation. Tongue smooth, moist, 
clean, pale. Cardiac dulness 4 c. to the left sternal margin. Apex beat fifth 
intercostal space, within the nipple line. Systolic murmur loudest over the 
apex. Urine: Sclilesingcr (1/10 dilut.) ++, conditions otherwise normal. 
Ewald test meal: (3/4 hr.) ac. 0/3, Congo -p, McLean -p. Wassermann -p. 
Serum colour 14. S.R. 40 mm. after 1 hr. Hb. 19 % = 2.G2 g. %. Ilb. pr. 
erytlir. 37 yy. Erythrocytes 0.71 mill. Reticulocytes 21 % 0 . Leucocytes 
3000. Blood smear; myelocytes 3 %, young forms 2.5 %, band forms 3.5 %, 
potymorphs 55 %, monocytes 1 %, lymphocytes 35 %. Megalocytosis, mac- 


Casc 11. Cell count and Hmglb. from car and sternal blood. 
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Case 11. Differential ceil count of sternal blood. 
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rocvtosis, poikilocytosis, Carbot’s rings, anisocytosis, anisochromia, scbizo- 
cytosis, microcytosis, polycliromasia 4 %, erythroblasts 1/200 L. Marked 
over-segmentation of Hie nuclei of the neutrophil leucocytes. 

Sternal puncture: megalo-macro-blaslosis. 

A radiological examination of the stomach and duodenum showed no 
other abnormality than slight gastritis. 

Treatment: 10 — 6 — 36 20 cc. »E*>> &Nycoo. 

2 — 7 — 30 20 cc. »Ei» »Nyco». 

13 — 7 — 30 40 cc. »E'o »Nyco». 

1 — s — 30 40 cc. Pernami oNyco*. 

2 — S — 3G 40 cc. Pernami &Nyco». 

3 — 8 — 3G 20 cc. Pernami »Nyco». 

Case 12. A. E. L. £ aged 50. Born 21—0—1S75, Brandbu. ( Jlcf . nr. 
5240/36 — 37). 

Occupation: Ex-workman (Norsk Hydro). 

Except for diarrhoea during the years 1905 — 1913, he was well until 
1928 when he was said to have contracted influen7.a followed by renal 
disease with severe pain on micturition. Was in the Rjukan Hospital 
for seven months. Was then at work for a short time till, late in the autumn 
of 1929, he fainted suddenly while at work. lie was admitted to the Rjukan 
Hospital where he remained for 4 to 5 months with the diagnosis of perni- 
cious anaemia. lie was put on a liver diet which he stuck to till Jan. 1935 
when he ceased to cat liver. Ilis tongue has often been sore, and lie has 
experienced a burning sensation in his mouth and throat which have 
continued to be sore practically all the time since the autumn of 1929. Prick- 
ing and tingling in hands and feet since the summer of 1934. 

On admission to the Med. Dept. A. of the Rikshospital 25 — 5 — 35, lib. 
42 %, erythr. 2.4 mill. Serum colour 7. Under treatment with Pernami he 
made a good recovery, and after his discharge 27 — 7 — 35 he felt quite well 
for 3 to 4 months. Since then he has always felt listless, and his weakness 
during the last couple of months has been so marked that he has been 
obliged to lie down three or four times every day. lie has eaten no liver, but 
has received some injections of Pernami. He was admitted on account of his 
growing lassitude to the Med. Dept. A. of the Rikshospital 28— 12— -1930. 

Present condition: He is pale and drowsy, complaining of lassitude. 
Tongue smooth, atrophic, moist and clean. Pulse 00, regular. Temp. 37.6 
Resp. 10, unembarrassed. Blood press. 100/00. Pupils circular, equal, 
reacting to light and accommodation. No demonstrable apex beat, no 
definite cardiac dulness, heart sounds weak. Spleen not palpable. Liver 
not enlarged, but with a suggestion of resistance just above the costal arch. 
Reflexes normal. Urine: Schlesingcr (1/10 dilut.) + , in other respects no ab- 
normality. Electrocardiogram normal. Wassermann -f-. Serum colour 
7. S.R. (4—12) 35 mm. (During his previous slay in hospital, an Ewald test 



140 


meal showed Congo McLean ac. 0/3). Hb. GO. 5 % = S.349 g. 
lib. pr. erythr. 38.5 yy. Erythr. 2.17 mill. Reticulocytes 5°/ w . Leucecyb? 
5800. Blood smear: bas. 0.5 %, eos. 2.5 %, myelocytes 0.5 %, band form# 
3 %, polymorphs 47.5 %, monocytes 4 %, lymphocytes 42 %. Anisocytosh, 
macro-megalocytosis, microcytosis, schizocytosis, poikilocytosb, poly- 
chromasia, 1 per mille, orthocliromia. 

Case 12. Differential leucocyte count of car blood. 
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Case 12. Cell count and Ilmglb. from car and sternal blood 
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Case 12. Differential cell count of sternal blood. 
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Sternal puncture: megalo-macro-blaslosis. A radiological examination of 
the stomach and duodenum showed normal conditions. 

Treatment; 29 12 36 4 cc. Mrk. (x) E = 10 mm. dried substance 
12 — 1 — 37 20 cc. Mrk. E b Ph. — 1000 g. liver. 

1— 37 10 cc. Mrk. E b Ph. = 500 g. liver. ’ 


Case 13. T. E. $ aged 25. (Ref. nr. 0594/35—36). 

Occupation: Agent. 

Healthy till October 1929 when, 19 years old, he began gradually to 
feel tired, relaxed and short of breath, losing his appetite. He turned a pale 
yellow, and a little later his tongue felt sore, and he vomited his food 
whatever its nature. Admitted to the Barum Hospital, he was given liver 
treatment. In December, 1931, he was admitted again to the Barum Hos- 
pital for the same symptoms, and now he was almost comatose. Hb. 20 %, 
erythr. 0.565 mill., leucocytes 1200. Serum clour 34. Blood transfusion 
and liver treatment, the patient being discharged perfectly well. About 
Christmas 1935 he began to grow steadily worse, lassitude and breathless- 
ness on exertion increasing. During the last 4 or 5 days diarrhoea and in- 
creasing pallor. Admitted to Med. Dept. A. of the Rikshospital 13—2—1936, 


Case 13. Differential leucocyte count of ear blood. 
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Case 13. Cell count and Hmglb. from car and sternal blood- 
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Present condition: lie is pnle and thin, mucous membranes pale, slight 
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a somewhat angular and irregular outline. The iris slightly blurred, opa- 
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Case 13. Differential cell count of sternal blood. 
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sia. Basophil punctuation. No over-segmentation of 
neutrophil cells. 

Sternal puncture: megalo-macro-blastosis. 

Treatment: 17-2-36 2.5 cc. B-bu-perf. Bu = phase 
2—3—36 6 cc. B-bu-perf. Bu = phase 
24 — 3 — 36 3 cc. Merle. E. 

Diabetes mellitus was diagnosed in 1941. 
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Case 14. 1. J. $ aged 56. (Ref. nr. S7 '75/35 — 36). 

At the age of 30, severe catarrh of the intestines, confined to bed for 
three months. After this illness her abdomen never functioned as before 
and she was always liable to suffer from diarrhoea. At Christmas 1935 
increasing lassitude, tiredness, disinclination for work. Breathless on 
walking up hill or up stairs. Subject to a sense of pressure in her head 
headache, giddiness, tinnitus. Became gradually more pale, and turned so 
yellow that her neighbours thought she had jaundice. Declining appetite. 
Paraesthesias of hands and feet from time to time. Early in 1936 soreness 
of her tongue for 8 days. Consulted a doctor early in March, 1936 for in- 
fluenza which lasted 3 weeks. Was thereupon drafted through the Medical 
Polyclinic of the Rikshospital to its Med. Dept. A. 24 — 4 — 1936. Appetite 
poor latterly, lost 11 kg. in the course of 3 years. 

Present condition: Skin pale yellow, general state of nutrition good, 
no complaints. Pulse 98, regular, rather weak. Resp. 24, unembarrassed. 
Temp. 38.5. Tongue pale, moist, slightly coated, somewhat enlarged 
papillae on its central part, the rest of it being smooth. Blood press. 120/65. 
Sclerae subicteric, no enlargement of the glands. Liver palpable 3 finger- 
breadths below the right costal arch. Chest findings otherwise normal apart 
from a blowing systolic murmur over the whole of the heart. Ewald test 


Case 14. Cell count and hmglb. from ear and sternal blood. 


1936 

Reticulocytes 
pr. mille 

Hmglb. pr. 
erythroc. inyy 

Hmglb. 

Erythrocytes 
in millions 

Nucleated 
blood cells 

Erythro- 
blasts in 
ear blood 
pr, mm 3 



ear 

blood 

sternal 

blood 

ear 

blood 

sternal 

blood 

ear 

blood 

sternal 
j blood 

ear 

blood 

sternal 

blood 

27- 

-4 

9 

17 

40.6 

36.7 

35— 

33.5 

1.19 

1.26 

2200 

■I 

— 

28- 

-4 

12 

18 

38.6 

43.7 

35.5 

34.5 

1.27 

1.09 

3600 

K Ip 

90. 

29- 

-4 

16 

32 

37.6 


36 — 

34.0 

1.32 

1.13 

4100 

K /is* 

103- 

30- 

-4 

24 

37 

42.— 

37.7 

35.— 

30 — 

1.15 

1.10 

4400 


242- 

1- 

-5 

46 

80 

39.3 

46.1 

37.5 

38.5 

1.31 

1.13 

4500 

E pI 

225.- 

2“ 

-5 

161 

217 

40.— 

K 

ESS 

38.— 

1.39 

1.31 

4900 


24- 

4- 

-5 

168 



42.4 


43.— 


1.40 


3300 


33.- 

5 - 

-5 

72 

80 

42.5 

40.— 

49.— 

44.— 

1.59 

1.52 

5800 

40600 

87.— 

6- 

-5 

62 


41.3 


44.— 


1.47 


4500 


22.— 

8- 

-5 

24 

15 

43.6 

37.— 

45.5 

46.— 

1.44 

1.35 

3100 

9500 

15.— 

9- 

-5 

26 


41.7 


42.— 


1.39 


3000 

58500 

o.— 

11- 

-O 

30 

29 

41.5 

44.1 

44.5 

46.— 

1.48 

1.42 

3200 

16.— 
n * 

12- 

-5 

34 


39.5 


45.— 


1.57 


4200 



14- 

-5 

12 


42.2 


44.— 


1.44 


11700 

28.- 

15- 

-5 

15 

12 

39.7 

36.3 

45.5 

31 — 

1.58 

1.18 

2800 

19- 

-5 

13 


38.9 


42.— 


1.49 


4<200 



16- 

-6 

3 


34.8 


73.- 


2.89 



6600 


— 



















147 


Asp. under 
vac. 1 cc. st. ® 

blood m.p. 0 2 

f.p. 0 



Asp.und.vac. 
1 -'? [20 cc.] 0.2 cc. 
st. blood m.p. 
( + )f.p. 0 


cc 

-v in 


t'- cc 

r-i CO 


t? I ci co co © © cm 
Cl CM CM r-* 


© cc ro cm ~ to I 

r K **? CO 40 CC v-* CM O * 
CO >-» ^ T* J 


CO © CM r? 
r? CM © r-j lO 


i r, 
n ' I 
O 1 


r* T-* o c*: co c r* 

© — ^ w i-4 o cc ci 

T- CM r-» 



cioo | in i.o o 40 | 
vo cm vo l cm 4q i> l. 
© © © r-j r-i © rr © o 

rH H Cl 


© © © 
40 1.0 lO 


40 1 £ 

I'N. I l> 


©C'JO^COOCOt^CO 


lO I 40 

40 

| 

f 

40 40 »-0 

4.0 

© 

40 © 

Ol t- 


l # 

1. 

I'* 01 

Cl 

40 


©* ^ © 

©’ 


4.0 

40 4-0 *0" 

© 

ci 

1 © ci 







Cl 


40 i © 

l 

© 

© 

40 40 © 

40 

40 

I 

CM l # 40 

[ 

40 

to 

cm to 



f I • 

© — ’ © 

T*^ 


1-4 

ci © co 

J 

© : 

1 1 © 





CJ ^ ci 


T— 



• 

»o 

© 

to 

, 

4.0 


© 

40 

1 

40 

to © 

© 

- 1'. . i . 


4.0 

I"* 

40 


40 

40 


1 

d 

40 


— CC i 1 . 

1 I 1 o' 



© 




— 

© 


00 o 

1 rv 

"■J* »o 









Cl 


Cl 



© © © -r 
*-< 40 Cl 


I© 40 »0 iO ©40 j © 40 40 40 

[^ © CO ; lO CM I I>» 40 CM j I.c h cl Cl 

-r ©‘ © i © c* i © d ©‘ ci -r S ^ -r oo 

, — Cl ~ -H 


40 

40 

© iO 


CM 

to 

©‘ 

d 

d rA 


Asp. easy O.G 
cc. st.blood 

m.p. + + 

f.p. 0 


Asp. easy 1.1 
cc.st. blood 
m.p. + + 
f.p. 0 


_ > j '40 40 

© j 1 > CM . c. rr H Cl C -« X h; lei 04 . 

£5 i rf — 1 ci ci cm oo ts cm — ci 1 o' c 

CO , ~T r~> — 



© 

1 

1 MMiaeie- 

*^iO -r i 

40 

r!* J 

i © © ci CO CO CM 

d © ci 1 

o 

i 

© 

»-i 


© 00 ’ 
CO T-i 


1 Oh 

<» ! 

• © CM rn 

© T-i CO 

© I 

CM d rH 


^ ^ to ^ v; !/"■ •/* y; [/ 

°2°So«ertd 

O© O JO CJ© o 


© *r C o c 

© 2 *r h o 

t. ^ r * 

o r* ■— * *-> cc 

— o SC t‘> 

-T? ^ a a ~ 


sisojodojco.fjTi 


C I W 
1~ I CM 


1© c c w c w 

e> m in cm m w 




C — I© T I" C© CM 

~ cm ~ ~ 


■A ! >© >© i- e 

cm i. cm i-. in 

c :© — ci =c 


O rt IS O C IS [ © l.o m 

>© | pim in us ci I in i-i cm 
c I H^cdncicicoo 
~ cm ~t 


S© w in >© m w in I i 

cm , r- ci I*; cm cm I | 

O I o c c t-1 cm" cc o* — ’ 
— 1 CM CM 


i> . in i> 

"lot' 


4-0 

f 40 40 © 


J Cl l^- 40 

© 

d © © od 




; ^ 
ti v, 

2 o a 





















148 


meal: ac 0/10. Wassermann Urine: Schlesinger ~ , otherwise norma] 
Serum colour 9. Hb. 35 % - 4.83 g. %. Hb. pr. erythr. 40.6 yy . ZZ 
l- 19 miH. Leucocytes 2200. Reticulocytes 9 % 0 . Blood smear: bas. 05 v' 
e °s. 2 %, myelocytes 1 %, metamyelocytes 1 %, band forms 5.5 % p 0 ]y 
morphs 44 %, lymphocytes 46 %, Polychromasia, basophil punctuation 
anisocytosis, orthochromia, macrocytosis, megalocytosis, schizocytosis’ 
microcytosis, erythroblasts 5/200 L. 

Sternal puncture: megalo-macro-blastosis. 


Treatment: 27—4—36 4 cc. BBaBF. u.s. E = 200 g. liver. 

2 6 & 3 — 6 altogether 40 cc. Pernami »Nyco». 

11 — 5 4 cc. BBaBF. u. s.-Bentz — ads. — 200 g. liver. 


Case 15. J. A. J. aged 52. Born in V. Moland. (Ref. nr. 9175/35 — 36.j 

Occupation: Steward. 

Suffered from rheumatic fever in 1905 and 1927. Appendicectomy in 
1925, gonorrhoea in 1916. Stricture of the urethra in 1934. A fortnight 
ago much blood in the urine one morning. From time to time slight soreness 
of the tip of the tongue, and during the last 3 weeks slight paraestliesias of 
his fingers. His complexion has become pale brown, and his conjunctivae 
have become rather pale. Admitted to the Med. Dept. A. 7 — 5 — 36. 

Present condition: He is pale. Puls 80, regular. Blood press. 130/80. 
Temp. 37.3. Tongue moist, clean, and smooth, particularly over its bor- 
ders. There are a few slightly swollen and injected papillae on the tip of 
his tongue. Resp. 16, unembarrassed. Findings of physical examination 
normal. Urine: acid, cloudy, sp. gr. 1015, alb. -f- no pus, guaiac -F, Bene- 


Case 15. Differential leuko cytc count of ear blood. 
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Case 15. Cell count and hmfllb. from ear and sternal blood. 
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diet numerous leucocytes and erythrocytes and b. coli. The urine 
yields b. coli on culture. No tubercle bacilli in a 24-lir. sample of urine, nor 
on culture of catheter urine. Ewald test meal: (after 3/4 hr.) ac. 0/4, Congo 
— McLean 4-. Wassermann -p. Gon. comp. fix. Serum colour 4. Ilb. 
80 % = 11.04 g. %. Hb. pr. erythr. 4G.4 yy. Erythrocytes 2.38 mill. Reti- 
culocytes 7 °/ 00 . Leucocytes 4100. Blood smear: eos. 3.5%, has. 0.5%, 
metamyelocytes 0.5%, band forms 2%, polymorphs 20%, monocytes 
4-5 %, lymphocytes G3 %. Anisocytosis, macrocvtosis (probably also mega- 
locytosis) faint anisochromia, schizocytosis and microcytosis. No poly- 
chromasia nor poikilocytosis. Faint signs of oversegmentation of the nuclei 
of the neutrophil cells. 

. Sternal puncture: megalo-macro-blastosis. 

Between 12 6 — 3G and about 5 — 7 — 3G the patient suffered from acute 

rheumatism during which he seemed to be less amenable to liver treatment. 
A radiological examination after intravenous pyelography showed nothing 
amiss apart from prostatic calculi. A cystoscopic examination showed no 
ulcers, tubercles or concrements. 

Treatment: 18 — 5 — 3G 10 cc. Mrk. Bentz. filtr. = 500 g. liver. 

2 & 3 — G — 3G a total of 40 cc. Pernami. 

2G/30 — G — 3G a total of 100 cc. Pernami. 
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Case 15. Differential cell count of sternal blood. 
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Case 16 . J. S. $ aged 48. Born 6 — 11 — 1888 , Svindal [Ref. nr. 703Sf 
36~ — 37). 

Occupation: Wife of painter. 

Since the age of 7 or 8 she has suffered from dyspepsia which her doc- 
tors regarded as nervous. During the last 10 years, since 1927, she has 
suffered from breathlessness. Fully a year ago she began to experience after 
every meal a stinging, burning pain in the epigastrium about y 2 hr. after 
food. Eating eased this pain. In March 1935, a doctor discovered anaciditv, 
and in July 1936, pernicious anaemia was diagnosed. (Haemoglobin 4 5 % 
July 20.). After eating liver for 4 to 5 weeks, she could stand it no longer. 
During the past two years she has suffered from growing lassitude, but she 
stuck to her work till admitted to hospital. A couple of years ago her tongue 
and roof of her palate were so sore for a couple of weeks that she experienced 
difficulty in eating. A year ago the base of her longue was sore for some 
days. She was liable to diarrhoea after fat food, and she lost much weight 
during the last two years. An examination 17 — 2 — 1937 at the Bethanicn 
medical laboratory showed haemoglobin 54 %, 2.26 million erythrocytes, 
and 5100 leucocytes. She was accordingly admitted 24 — 2 — 1937 to the 
Med. Dept. A. of the Rikshospital. 

Present condition: She is pale and her mucous membranes are pale. 
State of general nutrition moderate. Temp. 3S.2. Tongue moist, clean, 
smooth. Resp. unembarrassed. Pulse S4, regular. Blood press. 115/60. 
Liver and spleen not palpable. Reflexes normal. No oedema. Electrocardio- 
gram normal. Ewald test meal (3/4 hr.) Congo -f-, McLean -E, ac. 0/3. Urine: 
Schlesinger (1/10 dilut.) ++. Wassermann -E. Serum colour 6. S.R. (after 
1 hr.) 20 mm. Reties. 43 Hb. 70 % = 9.G6 g. %. Ilb. pr. erylhr. 43.9 
yy. Erythr. 2.20 mill. Leucocytes 6200. Blood smear: cos. 4.5 %, band 
forms 2 %, metamyelocytes 0.5 %, polymorphs, 46.5 %, monocytes 3.5 %, 
lymphocytes 43 %. Anisocytosis, macro-megalocytosis, microcytosis, 
schizocylosis, orthochromia, polychromasia < 1 °/ M , over-segmentation 
of the nuclei of the neutrophil cells. Nothing abnormal found on a radio- 
logical examination of stomach and bulbus duod. 

Treatment: 1—3—1937 2 cc. Mrk. (X)E - I mg.t.s. 

13 — 3 — 1937 20 cc. Pernami 
18 — 3 — 1937 20 cc. Pernami 
23 — 3 — 1937 20 cc, Pernami 
28 — 3 — 1937 20 cc. Pernami 
2 — 4 — 1937 20 cc. Pernami 
6 — 4 — 1937 20 cc. Pernami 
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Case 16. Differential leucocyte count of ear blood. 
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Case 16. Cell count and Hmglb. from ear and sternal blood. 
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Case 1C. Diffeienlial cell count of sternal blood. 
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Case It. S.T. aged 72. Born in Sweden. (Ref. nr. 3124/30 37 } 

Occupation: Ex-mason. 

Well till June 1933 when lie began to suffer from thirst, polyuria 
dyspepsia and nausea. He lost 5 — 6 kg. during the summer, sought medical 
aid, and was admitted in July 1933 to the Med. Dept. A. of the Riksliospi- 
tal for diabetes mellitus. Incipient cataract was diagnosed at the Eye 
Dept. He was discharged on a dietary of 2500 calories without insulin. 
In April 1935 he began again to the troubled by lassitude, anorexia, head- 
ache, dimness of vision, flickering eyesight, thirst and polyuria. On' re-ad- 
mission to the Med. Dept. A. G — 5 — 35, his tongue was moist, clean, and 
very red. Ewald test meal (3/4 hr.) ac. 0 / 8 , Congo +- McLean +. Wasser- 
mann +-, blood press. 150/80, Hb. 83 %, erythr. 4.27 mill. Leucocytes 
6000. Discharged on a mixed diabetes dietary with 4 + 7 units insulin. 
From July 1930 he began to suffer from lassitude, oedema of the feet up to 
the knees, breathlessness worst on walking up hill. In the middle of August, 
attacks of vomiting unrelated to meals. In September, increase of the 
oedema, lassitude and breathlessness. A doctor found he was suffering from 
dropsy and lack of blood, prescribing rest in bed and iron. The oedema 
passed off, but the lassitude and dyspnoea increased. On Oct. 19, suffocating 
pain in the epigastrium changing to colic lasting altogether 3 hours. Since 
his previous stay in hospital has lost 7 kg. Has not suffered from soreness 
of his tongue, but during the last few months has been troubled by some 
pricking in the fingers. Constipated. Re-aumitted to the Med. Dept. A. 
15 — 1 0 — 36. 

Present condition: He gives an anaemic impression and complains of 
lassitude. The sclerae slightly jaundiced. Tongue moist, clean, but not 
sore. Pulse 80, regular. Temp. 37.2. Resp. unembarrassed. Blood press. 
110/50. Apex beat not definitely palpable. Left border of the heart 10 cm. 
from the middle line. Total cardiac diam. 13 cm. Heart sounds clear. The 
margin of the liver palpable below the costal arch and in the epigastrium. 
Slight oedema of the legs below the knees. Urine: (1/10 dilut.) Schlesinger + , 
trace of albumin, no pus, guaiac -+, B ene-ict +, Gerhardt +, Rothera — , 
Wassermann . Serum colour 18 (21 — 10: 8.5). S.R. (after 1 hr.) 55 mm. 
(23—10—39.). Hb. 60 % = 8.28 g. %. Hb. pr. erythr. 33.1 yy. 

Erythr. 2.5 mill. Reties. 41 °/ m . Leucocytes 4600. Blood smear: eos. 
0.5 %, myelocytes 0.5 %, metamyelocytes 0.5 %, band forms 7 %, poly- 
morphs 54%, monocytes 3%, lymphocytes 34%, plasma cells 0.5%, 
erythroblasts 1/200 L. Cabot’s rings, erythroblasts with remains of nuclei, 
polychromasia, basophil punctuation. Marked anisocytosis. microcytosis, 
schizocytosis, macrocytosis. Slight pathological granulation of the leuco 
cytes, no over-segmentation of diagnostic significance. 

Sternal puncture: megalo-macro-blastosis. . . 

A radiological examination of the heart showed nothing pathological, 
but it showed gastritis and a duodenal diverticulum; conditions otierui e 
normal. 



Case 17. Differential leucocyte count of ear blood. 


155 


T— < 

T 

ca 

2.0 

2.0 

1.0 

1.5 

37.0 

4.0 

52.5 

H 

tH 

1 

O 

Y-t 

1 

CO 

O 

H 

1 

T-< 

CO 

o 

YH 

1 

o 

cq 

2.0 

2.5 

1.5 

3.5 

55.5 

3.5 

35.3 

2.5 

0.5 

5.0 

55.5 

9.0 

27.5 

2.5 

2.0 

2.5 

38.5 

6.5 

48.0 

1.5 

2.0 

40.5 

4.0 

51.5 

o 

H 

rl 

0.5 

3.5 

1.0 

2.5 

40.5 

6.5 

47.5 

O 

TH 

1 

CO 

c\j 

0.5 

3.5 

0.5 

2.0 

27.0 

6.5 

60.— 

o 

T— 1 

1 

<M 

0.5 

4.0 

0.5 

1.5 

36.0 

7.0 
50.5 

o 

rH 

1 

CO 

a 

0.5 

4.5 

3.5 
29.0 

4.0 

58.5 



© 
T— i 

1 

<N 

<N 

0.5 

6.0 

1.5 

1.0 

2.0 

29.5 

5.0 

54.0 

1 

O 

V 

Y^ 

<N 

0.5 

0.5 

0.5 

0.5 

1.5 

21.5 

5.0 

70.0 

1 

O 

V 

s 

2.0 

4.0 

0.5 

1.0 

0.5 

0.5 

27.5 

8.5 

55.5 

o 

T - * 

1 

© 

Y-» 

1.0 

2.5 

0.5 

0.5 

1.5 

24.5 
10.0 

59.5 

o 

y-< 

1 

I> 

Y-4 

2.0 

1.0 

0.5 

4.0 
60.0 

3.5 

28.0 

1.0 
~1 

O 

Y-< 

1 

CD 

Y-f 

0.5 

0.5 

0.5 

7.0 

54.0 

3.0 

34.0 

0.5 

1 

1936 

Praemyelocytes per cent 

Bas. » 

Eos. » 

Jj myelocytes » 

f. young forms » 

a band forms » 

CJ 

2 . polymorphs » 

Monocytes » 

Lymphocytes » 

Plasma-TQrk » .... 

Erythrobl. bas. in 200 leucocytes 
eos. » 

1 




Ease 17. Coll count ami Ilinglb. fiom car ami sternal blood. 


1 930 

Heticulocytes 
per millc 

1 lmgb. per 
erylluoc. in yy> 

1 loiglb. 

Erythrocytes 
in millions 

Nucleated 
blood cells 


ear 


ear 

sternal 



car 

sternal 

ear 

sternal 


blood 


blood 

blood 



blood 

blood 

blood 

blood 

17 — 10 

41 

39 

37.0 

38.0 

01 .— 

,0.J 

2.37 

2.52 

4100 

01800 

19—10 

34 

30 

38.1 

13.8 

01 .— 

58.5 

2.32 

1.84 

1390 

117500 

20—10 

39 

10 

39.1 

37.1 

08.— 

58.5 

2.38 

2 10 

5230 

05100 

21 —10 

3S 

42 

41.5 

39.0 

71.— 

09.- 

2.30 

2.43 

3800 

31100 

22—10 

02 

08 

40.9 

11.3 

08.5 

08.— 

2.31 

2.27 

4 GOO 

147400 

23 10 

72 

93 

38.9 

12.— 

72.5 

72.5 

2.57 

2.38 

5100 

42500 

21-10 

Wl 

no 

37 . 1 

45.3 

77.5 

09. - 

2.88 

2.10 

5000 

93900 

25 -10 

52 










20—10 

30 


38. 1 


70. - 


2.73 


5000 


27—10 

20 

21 

37.5 

40.0 

7(1.5 

07.— 

2.80 

2.31 

1990 

08600 

28—10 

11 










29—10 

32 

It 

39.— 

12.3 

78.— 

77. — 

2.70 

2.51 

0200 

G2500 

30—10 

21 










31—10 

21 

01 

38.4 

38.2 

72.-- 

73.— 

2.59 

2.00 

0700 

S7G00 

1—11 

29 










2—11 

28 


3S.0 


//. - 


2.75 


7900 


3-11 

12 

5 

35.1 

35.1 

83.— 

78. — 

3.20 

3.07 

0200 

31300 

5—1 1 

3 


37.2 


78. — - 


2.91 


5000 


7—11 

5 


35.3 


78. — - 


3.05 


4100 


9—11 

11 


32.9 


78. — 


3.27 


0500 


10—11 

9 

5 

35.9 

37.0 

80. - 

75. — 

3.31 

2.75 

4500 

30100 

11-11 

l'i 










12- -11 

15 


35.4 


81.— 


3.27 


7000 


13—11 

ii 










11—11 

M 


33. - 


82.— 


3.31 


5000 


15—11 

3 










17—11 

•1 


30.4 


82.-- 


3.72 


5S00 


20—11 



28.2 


83. - 


4.00 


5700 


23—11 



29.3 


85.— 


4.00 


5100 


20 1 1 



29.9 


83.— 


3. S3 


6400 


27—11 

1 

1 

30.0 

33.5 

81.— 

80.— 

3.79 

3.30 

3900 

12800 

2S — 1 1 



30.— 


S5. — 


3.91 


0000 



Treatment: 20 — 10 — 30 4 cc. Mrk. 

07 — 10 — 30 8 cc. Mrk. 

10—11 — 36 8 cc. Mrk. 

23 — 11 — 30 10 cc. Mrk. 
27 — 11 — 30 10 cc. Mrk. 
2S — 11 — 30 10 cc. Mrk. 


i:l> (9—9) = 200 g. liver. 

El» (9—9) = 200 g. liver. 
jrl> (9_9) = 400 g. liver. 

E b non-coloured = 500 g. liver. 
]rb non-coloured = 500 g. liver. 
l£l» non-coloured — 500 g. liver. 
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Case IS. W. K. ? aged 66 . Born 28—5—1870, Oslo. (Ref. nr. 433/36—37). 
Occupation: Housewife. 

In 1929 admitted to Ullevaal Hospital and treated for pernicious anae- 
mia. For several years she had suffered from tiredness, lassitude and grow- 
ing pallor. Tongue at times sore and red. Skin definitely yellow. Re-admitted 
to Ullevaal Hospital in 1931 and given liver treatment. From 1932 troubled 
by tingling in her feet which felt numb, so that her legs gave under her. 
Numbness and loss of sensation also in her hands. Admitted to the Med. 
Dept. A. of the Rikshospital 27 — 3 — 34 and given liver treatment as 
she had neglected her diet this time also. Wassermann now 4-. She felt well 
after discharge, but since then she has not eaten much liver, and she was 
re-admitted 15 — 7 — 36. 

Present condition: She is fat, her skin a yellow white. Temp. 37.5, blood 
press. 140/100, pulse 72, regular. Her pupils react to light and accommoda- 
tion. Tongue pale, smooth, moist. Heart 4 rib to left of sternum. Apex beat 
in 5th intercostal space. Blowing systolic murmur loudest over apex. Liver 
and spleen not palpable. Definite oedema of the lower limbs which are 
tender on pressure and show several extravasations of blood. The arms 
also are tender on pressure, showing several extravasations of blood. 
Reflexes: R. L. 

Biceps reflexes A- 4- 

Triceps » 4- 4- 

Rad. » 4- 4- 

Abdom. » 4- 4- 

Patel. » 4- 4- 

Achil. » 4-4- 

Plantar » ! | -J- I 

Urine : Schlesinger (1/10 dilut.) +.S.R. 38 mm. after 1 hr. Serum colour 
7. Reties. 49 °/ 00 . Hb. 38.5 % = 5.31 g. Hb. pr. erythr. 38.8 yy. Erythrocytes 
1.37 mill. Leucocytes 5200. Blood smear: bas. 0 %, eos. 0 %, metamyelo- 
cytes 0.5%, band forms 3.5%, polymorphs 50.5%, monocytes 2%, 
lymphocytes 43 %, erythroblasts 3/200 L. Marked poikilocytosis, schizo- 
cytosis, microcytosis, anisocytosis, macrocytosis and megalocytosis, slight 
anisochromia, polychromasia 1 °/ m , macrothrombocytes. Over-segmenta- 
tion of the nuclei of the neutrophil leucocytes. 

Sternal puncture: Macro-megalo-blastosis. 

Treatment : 15 — 7 — 36 18 cc. Mix. 

28 — 7 — 36 15 cc. »E*» 

8 — 8 — 36 20 cc. Pernami 

9 — 8 — 36 20 cc. Pernami. 

After her discharge she began at once to diminish the dosage of liver 
and she discontinued it completely after some time. She was re-admi e 
29 — 9 — 37 in about the same condition as on 15 — 7—36. Liver an sp een 
not palpable. Slight oedema of her ankles. S. R. 24 mm. Serum colour >. 
Temp. 37.7. 



159 


Case 18. Differential leucocyte count of ear blood. 
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Case 18. Cell count and Hmglb. from car and sternal blood. 
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Case 18. Differential cell count of sternal blood. 
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Case 19. G. M. R. <J aged 06. Born 14—12— 1S69, Oslo. (Ref. nr. 6475/ 
36 — 36). 

Occupation: Parish clerk. 

Of his five brothers and sisters, four had died, one of diabetes melhtus. 
In 1925 he began to be troubled by bouts of diarrhoea and abdominal pain 
with loss of appetite. A doctor found achylia, and HCL was prescribed. 
Well until the autumn of 1935 when he again suffered from bouts of diar- 
rhoea In the summer of 1934 he began to be breathless, and a couple of 
months before Christmas 1935 he began to experience lassitude and 
tiredness being breathless on walking up stairs and up hill. Gradually 
he became breathless even when walking on the flat, Latterly his skin has 
be"un to be slightly yellow, at the same time he was troubled by giddiness 
and headache. In the course of about nine months he lost 14 % kg. (from 
101 to 86.5 kg.). He was admitted to the Med. Dept. A. of the Riksliospital 

10 P^selt condition: Face and sclerae subicteric. Afebrile. Blood press. 
130/75. A distinct systolic murmur loudest over the aorta and apex. For- 
mal findings otherwise. Ewald test meal: (3/4 hr.) ac. 0/10, Congo — 
McLean -p. Urine: Schlesinger (1/10 dilut.) ++. Wassermann -P. Serum 
colour 6. S.R. (after 1 hr.) 61 mm. Hb. 64 % = 8.83 g. %. Hb. pr. erythr. 
44 5 w. Erythr. 1.96 mill. Leucocytes 4200. Reties. l8°/ 00 . Blood smear: 
bas. 1 %, eos. 3 %, band forms 1.5 %, polymorphs 45 %, monocytes 2 %, 
lymphocytes 48.5 %. Marked megalocytosis, anisocytosis, poilulocytosis, 
schizocytosis, and microcytosis. Marked over-segmentation of the nuclei 
of the neutrophil leucocytes. 

Sternal puncture: megalo-macro-blastosis. 

A radiological examination of the stomach and duodenum showed noi- 
mal conditions apart from broad folds of the mucosa in the canalis portion. 
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Case 19. Differential cell count of sternal blood. 
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163 


Case 20. A. B. $ aged 74. Born 24—9—1SC2, Sandefjord. [Bcj. nr. 
47S6/3C — 37). 

Increasing lassitude during the last 3 or 4 years, and for several years 
breathless on walking up stairs and up hill. Never troubled by disturban- 
ces of the digestion, but lias occasionally noticed soreness of the lip of 
her tongue. Has been troubled for some lime by pain in the tips of her 
fingers and toes. Drafted from the Medical Polyclinic to the Med. Dept. A. 
of the Rikshospital 8 — 12 — 193G. 

Present condition: She is pale and her mucous membranes are pale. 
State of general nutrition moderate. Temp. 37.2. Tongue slightly atrophic. 
Resp. unembarrassed. Blood press. 160/100. Slight oedema of the legs lic- 


ense 20. Diffcrenlial leucocyte cell count of ear blood. 
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W the knees. A normal electrocardiogram. Ewald test meal: {3/4 hr.) 
Congo! McLean-, ac. 0/1. Urine: Schlesinger (1/10 vlut ) fa.nl +. 
Wassermann - Serum colour S. S.R. (after 1 hr.) IS mm. Reims 14 %• 
I-Ib. 7S % = 10.704 g. %. Hb. pr. o.rylhr. 3S.4 yy. Erythrocytes -.8 mil . 
Leucocytes 4G00. Blood smear: eos. 1%, has. 0.5 metamjelocj cs 
0.5 %, band forms 3 %, polymorphs 57 %, monocytes 7 /0f lymph ocy e 
31°/. Marked anisocytosis, macrocytosis, a microcyte here and there, 
basophil punctuation' Signs of over-segmentation of the nuclei of the 
neutrophil cells. Faint polychromasia. 

Sternal puncture: megalo-macro-blastosis. 

A radiological examination showed a moderate degree of swelling of 
the gastric mucosa. Stomach and duodenum otherwise normal. 


Treatment: 12 — 12 — 3G 7.5 cc. Mrk. (x)B — 11 mg. 

21—12 1 

22 — 12 — 3G GO cc. Pernami 

23— 12 j 

31— 12— 3Gj 

1 — i — 37 oo cc. Pernami 
o— 1—37) 


Case 21. A. K. £ aged SI. Born 20 — 10 — 1SS2, Sandcfjord. {Ref. nr. 0060/ 
3G — 37 ). 

Occupation: Ship’s engineer. 

oClimatic fever-) (Gulf of Mexico) in 1007, gonorrhoea in 191 G, ulcus 
molle in 1917, malaria in 191 S, and black-water fever (Cape Town) in 1919. 
Has worked on shore since 1932. Of late years he has noticed a tendency 
to breathlessness and palpitation of the heart, and recently his fingers have 
trembled. In the late autumn of 193G, his strength and working capacity 
began to diminish, he had often to rest, and he suffered from weakness and 
lassitude. He has lost initiative and is reluctant to take on work. Can eat 
any kind of food, appetite excellent, his natural functions in good order. 
He consulted a doctor 20 — 1 — 1937, and, pernicious anaemia being diag- 
nosed, he was admitted to the Med. Dept. A. of the Rikshospital 25 — 1 — 
1937. 

Present condition: Powers of comprehension poor, his answers lack preci- 
sion, and he is rather sluggish. Ecsily out of breath. Pulse S8, regular. Resp. 
24, audible. Temp. 38.2. Tongue smooth, its surface atrophic and marked 
by small furrows, moist, clean. Blood press. 140/90. Pupils equal, reacting 
promptly to light and accommodation. Sclcrac slightly subicleric. Fine cre- 
pitation over both pumonary bases behind. Apex beat of the heart in the 
jtli intercostal space, its sounds clear. Liver dulncss from Gth rib to costal 
arch. The border of the liver just palpable. Spleen not palpable. Tremor of 
his hands. Reflexes normal. Ewald test meal (3/4 hr.) ac. 0/3, Congo—, 
McLean - Wassermann — . S.R. 9 mm. after 1 hr. Urine: Schlesinger 
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Case 21. Differential leucocyte count of ear blood. 
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Case 21. Cell count and Hmglb. from ear and sternalblood. 
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Case 21. Differential cell count of sternal blood. 
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Case 22 ' A - S - $ a S"l Born 22—10—JS91, Skedsmo. (Kef. nr. 979/37 
— 35 ), 

Treated in the Med. Dept. A of the Rikshospital for pernicious anaemia 
and goitre. She had been treated in the Surg. Dept. A of the same hospital 
between Nov. G and Dec. 11, 1930 for toxic goitre. A brother has been 
operated on for goitre. She was well till the spring of 1930 when she began 
to be troubled by growing nervousness. She became restless, slept badly, 
suffered from palpitation of the heart and swelling of her legs in the even- 
ing. Loss of weight in spite of good appetite. The Surg. Dept. A reported 
G — 11 — 1930 that she was thin, pale, restless and nervous, showing slight 
exophthalmos and fine tremor of her hands. Her goitre measured 5 by 10 
cm. Systolic mumur over the apex. 27—11— 1930 subtotal resection of the 
goitre. Basal metabolism 8 — 11 — 1930 150 %, 8—12—30 108 %, 2—3— 
1932 97 %. Was well after the operation till the autumn of 1933 when 
she felt relaxed and tired, becoming thin and pale. Appetite good, no 
dyspepsia. 

Present condition; Med. Dept. A 21 — 8 — 1934 yellow, pale, relaxed 
and apathetic. Blood press. 180/90. Tongue clean, smooth. Apex beat 
heaving powerfully. A systolic murmur and a diastolic whistling murmur. 
Erythrocytes 1.G7 mill. Leucocytes 5000. Hb. 32 %. Reties. 0.5 Was- 
sermann -p. Electrocardiogram 29 — 8 — 1934 showed myopathia. She was 
treated with Pernami and was discharged as cured 5 — 11 — 34. After 
her discharge she continued to feel well till a fortnight before readmission. 
All this time she had eaten 1 kg. of liver every week (?), and once a month 
she had been given an injection of Pernami. A fortnight before readmission 
she began to suffer from palpitation of the heart and a sense of lassitude and 
exhaustion. She could no longer do any work, spending some of her time 
in bod, being breathless on walking. Her tongue had not been sore. Slept 
and ate well, action of the bowels, micturition and menstruation normal. 


Case 22. Differential leucocyt count of ear blood. 
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Case 22. Cell count and Hrngb. from ear and sternal blood. 
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Present condition: Thin and very pale with a hint of yellow. Gives the 
impression of great lassitude and exhaustion, drowsy. Pulse 108, regular, 
small. Blood press. 180/105. Resp. 24, unembarrassed. Tongue moist, 
clean. Temp. 37.7. Apex beat heaving in the third intercostal space. Systo- 
lic and diastolic adventitious sounds. The border of the liver palpable just 
below the costal arch. Spleen not palpable. June 28 basal metabolism 12G %. 
Wassermann -r. Blood smear; cos. 0.5 %, myelocytes 0.5 %, polymorphs, 
34.5 %, monocytes 7 %, lymphocytes 57.5 per cent. Marked anisocylosis, 
macro- micro-schizocytosis, poikilocytosis, polychromasia < 1 °/ m , 2 has. 
erythr. bl./200 L. 1 eos. erythr. bl./200 L. The neutrophil polymorph leuco- 
cytes are large and some of them show over-segmentation. 

Sternal puncture: Megalo-macroblastosis. 

Treatment: 8/5 20 cc. Pernami »Nyco». 

9/5 20 cc. Pernami »Nyco». 

17 — 18/5 40 cc. Pernami »Nyco». 

8 — 9/G 40 cc. Pernami »Nyco». 

28 — 29/G 70 cc. Pernami »Nyco». 


12 













Lcucopoiesis i Erythropoiesis 
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Case 22. Differential cell count of sternal blood. 
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Case 23. H. T. $ aged 52. Born 5—1—1SS5 , Folldal. {Ref. nr. 10S75j3G—37). 

Occupation: Farm labourer (farmer). 

Well until 1925 when lie consulted a doctor for lassitude and was told 
his blood was thin. After treatment for some time with liver he recovered 
completely. He thinks he did not eat liver for more than two weeks. During 
the last four years he has eaten liver only occasionally when, on rare occa- 
sions, he had the opportunity to do so. During the last few weeks g sensa- 
tion of slight pricking in hands and feet, a sense of lassitude and some 
soreness of his tongue. Appetite poor of late. He went to Oslo and consulted 
a doctor who secured his admission to the Med. Dept. A of the Rikshospital 
23—6—1937. 

Present condition: Thin, pale, skin yellow but not iclerip. Pulse 88, 
regular. Mucous membranes pale. Blood press. 120/80. Tongue perfectly 
smooth. No enlargement of the lymphatic glands. Reflexes normal. Cardiac 
diam 14 cm. A faint systolic murmur over the apex. Contour of the abdo- 
men normal. Tympanitic on percussion, no tenderness nor distension. Liver 
dulness from sixth rib to costal arch immediately under which the mar- 
gin of the liver is palpable. Spleen palpable (?). Electrocardiogram normal. 


Case 23. Cell count and Hmglb.from ear and sternal blood. 
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Case 23. Cell count from ear and sternal blood. 
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Ewald test meal: (3/4 hr.) ac. 0/3, Congo . , McLean \r asser . 

ger + (1/10 dilut ), alb. -r, ene 0/ ’’ Hb pr eryt hr! 38.2 yy. 

mann — . Serum colour 9. Hb. 52 / 0 — b- /o / , 

Erythrocytes 1.88 mill. Leucocytes 2700. Reties. 7 / M . ° ot ' 

eos 1 % m. myelocytes 0.5 %, band forms 3 %, polymorphs 43.5 / 0 , 
monocytes 3 %, lymphocytes 49 %. Marked amsocytosis, microcj tosis, 
schizocvtosis, anisochromia, poikilocytosis, polychromasia, macro-megalo- 
cytosis* Over-segmentation of the nuclei of the neutrophil leucocytes. 

Basophil punctuation of the erythrocytes. 

Sternal puncture : (30/6) megalo-macro-blastosis. A radiological exami- 
nation of stomach and duodenum showed normal conditions. 


’ Treatment: 30 — 6 — 37 4 cc. Examin »Nyco» = 200 


£?. liver. 


Case 24. M. S. $ aged. 47. Born 25—11—1SS0, Hedrum. (llcf. nr. 40610/ 
36—37). 

Occupation: Smallholder. 

Well till 1927 when his stomach was resected for gastric ulcer at the 
Tonsberg Hospital. The last few years before this operation be had suffered 
from bouts of acid eructations and, two months before the operation, 
haemorrhage from the intestines. No troubles after the operation. In 
1929 he began to scrape paint at the Navy’s workshop in Sandcfjord. In the 
summer of 1931 he consulted a doctor for lassitude and tiredness which 
made him fall asleep while at work. In the summer of 1932 attacks of 
abdominal pain for a month. A doctor diagnosed lead poisoning and the 
patient was put on the sich list. He lost his appetite, and in the winter of 
1933 he noticed that his arms were withered, that the soles of his feet were 
painful, that his fingers were subject to cramp, and that he had lost weight. 
He was admitted to the Med, Dept. B. of the Rikshospital 7 — 7 — 1933 
where he was treated for about three weeks for pernicious anaemia follow- 
ing gastric resection. Urobilin was found in the urine. The liver palpable 
two finger-breadths below the costal arch. Under liver treatment the 
erythrocytes rose from 2.25 to 3.9C mill. Reties, max. 140 %. At first after 
his discharge he was conscientious over his liver dietary, and he became fit 
for work in September 1933. He kept fit till the summer of 1934 when he 
became worse as he could not obtain liver. He improved after receiving 
five injections of liver from his doctor. Since then he has eaten liver except 
in the summer when there was little to secure. In the summer of 1935, 
three to four weeks would pass between each time lie secured some liver 
of which he ate little during the following winter. Since April 1936 he has 
eaten no liver whatever. Two months before admission to hospital he 
began to be tired and weak, but he continued to work a little on his small- 
holding to the last. Since Oct. 1930 arms and legs have become weak and 
tender, and his arms have ached and felt as if they were being pricked 
and stabbed. Occasional cramp in arms and legs. Action of the bowels, 
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micturition and sleep normal. Admitted to Med. Dept. A. of the Rikshos- 
pital 15 — G — 1936 for anaemia. 

Present condition: Thin and pale, mucous membranes also pale. Pulse 
G4, regular. Tongue smooth, furrowed. Temp. 37.4. Blood press. 160/60 
No enlargement of the lymphatic glands. Reflexes and sensation normal' 
Cardiac diam. 13 cm., heart sounds clear. Margin of the liver not palpable. 
The spleen can only just be felt under the left costal arch. Wassermann 
No I-ICL found in hospital. Urine: Schlesinger ++ ( 1/10 dilut.), alb. — 
pus 4-, Benedict S.R. 31 mm. Serum colour 8. Ilb. 51 % = 7.038 g. %. 
lib. pr. erythr. 37.4 yy. Erythrocytes 1.88 mill. Leucocytes 3300. Reties. 
20 »/„. Blood smear: Praemyelocytes 1 %, eos. 3 %, metamyelocytes 1 %, 
band forms G.5 %, poymorphs 30.5 %, monocytes 5 %, lymphocytes 
53 %. Marked anisocytosis, microcytosis, scliizocytosis, macro-megalo- 
cytosis, poikilocytosis, anisochromia. Polychromasi a 1 °/ m . Basophil punc- 
tuation. Over-segmentation of the nuclei of the neutrophil leucocytes. 
Erytbrobl. (macro) eos. 1/200 L. 

Sternal puncture: Macro-megaloblastosis. 

A radiological examination showed normal conditions apart from rapid 
transit of meal on account of resection of the stomach. 

Treatment: 21 — 0 — 37 4 cc. Examin »Nyco» = 200 g. liver. 

8 — 7 — 37 4 cc. Examin *>Nyco» = 200 g. liver. 

15 — 17 — 7 — 37 60 cc. Porn ami. 


Case 24. Differential leucocyte count ol ear blood. 
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Case 2*1. Cell count and Hinclb. from car and sternal ldood. 
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Case 24. Differential cell count of sternal blood. 
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Case 25. E. B. $ aged, 66. Born 2S—6—1S70, Oslo. {Ref. nr. 675S/36—37). 

Occupation: Widow. 

Well till the autumn of 1935 when she noticed that she flagged on walking 
uo hill and was becoming more and more tired. Of late years her longue 
had occasionally been a trifle »tendcr». Since the beginning of February 
she had noticed diminished sensation in her toes which had become remark- 
ably cold, withered and stiff on botli sides. In the course of the past year 
she had gradually become very pale, and she had noticed that her eyes and 
face had become yellow. At the same time she lost much weight as measured 
by her clothing and not in kilos. Has not suffered from diarrhoea, giddi- 
ness or headache, and has been up and about all the time. A doctor having 
diagnosed anaemia 8—2—1937, she was admitted to the Med. Dept. A. of 

the Rikshospital. , . 

Present condition: She is very pale and there is a tinge of yellow in her 
skin. State of general nutrition moderately good. Mucous membranes pale. 
Temp. 30.9. Tongue moist, clean, furrowed and smooth, showing consider- 
able atrophy of its lining. Resp. 20, unembarrassed. Pulse 88, regular. Blood 
press. 115/70. Apex beat in fifth intercostal space, 9.5 cm. from the middle 
line A faint systolic murmur. The margin of the liver palpable just above 
the transverse umbilical line. Definite oedema of the legs. Reflexes normal. 
Ewald test meal (after 3/4 hr.) Congo -f-, McLean -r, ac. 0/7. Serum colour 
9 Urine: Schlcsinger (1/10 dibit.) +, S.R. (after 1 hr.) 22 mm. Basal meta- 
bolism 20—2—1937, 113 %, 19—3—1937, 97 %. Wassermann -P. Reties. 
90/00 lib. 33 % = 4.554 g. %. lib. pr. erythr. 38.0 yy. Erythrocytes 1.18 
mill. Leucocytes 3000. Blood smear: eos. 1 %, metamyelocytes 1 % band 


Case 25. Differential leucocyte count of ear blood. 
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Case 25. Cell count and Hmglb. horn ear and sternal blood. 
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forms 4 / 0 , polymorphs 43.5 %, lymphocytes 50.5 %. Anisocytosis, schizo- 
cytosis, microcytosis, macro-megalocytosis, polychromasia 1 %. Erythro 
blasts 1/200 L. Over-segmentation of the nuclei of the neutrophil cells 

Sternal puncture: Megalo-maeroblastosis. 

Treatment: 19 — 2 — 37 4 cc. merk (X) c = 2 mg. t.s. 

27 — 2 — 37 20 cc. merle (X) c = 10 mg. t.s! 

2 — 3 — 37 10 cc. merk (X)° = 5 mg. t.s. 

G — 3 — 37 20 cc. merk (X) e = 10 mg. t.s. 

11—3—37 20 cc. merk (X) c = 10 mg. t.s! 

10—3—37 20 cc. merk (X) c = 10 mg. t.s. 

20—3—37 20 cc. merk (X) c = 10 mg. t.s. 

24—3—37 12 cc. merk (X) c = 6 mg. t.s. 

Case 26. $ A. B.ngcd 58. Born 6 — 5 — 1S7S, Vestre Aker. (Ttej. nr. H'JOOj 
36—37). 

Occupation: Widow. 

About Christmas 1930 she began to suffer from lassitude and tiredness. 
In February 1937 she came to look pale, and she was very tired early in 
April. She has never noticed soreness of her tongue, paraestliesias, loss of 
appetite or digestive disturbances. She sleeps well, but is apt to be con- 
stipated. No' disturbances of micturition. Menopause five years earlier 
after abrasio. Treated in 1935 for myxoedema. On June 18 of this year, 
her basal metabolism in hospital was 79 %. She was given thyreoidin, 
and on August 2 her basal metabolism was 98 %. She was admitted to the 
Med. Dept. A. of the Rikshospital 27 — 4 — 1937. 

Present condition: State of general nutrition very good, and she is 
almost plump. Very pale. No pain. Temp. 38.6. Tongue furrowed, moist, 
neither coated nor smooth. Blood press. 135/100. Pulse 88, regular. Resp. 
1C, unembarrassed. Sclerae subicteric. No enlargement of the lymphatic 
glands. Liver not palpable, no oedema nor rash. A suspicion of a slight sys- 
tolic, blowing murmur over the apex. Reflexes normal. An electrocardio- 
graphic examination 7 — 5 — 1937 normal. Ewald test meal (3/4 hr.) ac. 
0/4, Congo 4-, McLean -4. Urine: Schlesinger (1/10 dilut.) 4, alb. 4. 
Wassermann -4. S.R. 55 mm. after 1 hr. Serum colour 10. Reties. 11 °/oo- Hb. 
38 % = 5.244 g, %. Hb. pr. erythr. 47.3 yy. Erythrocytes 1.13 mill. Leu- 
cocytes 4400. Blood smear: has. 0.5 %, eos. 2.5 %, myelocytes 2 %, meta- 
myelocytes I %, band forms 8%, polymorphs 64.5%, monocytes I %, 
lymphocytes 20.5 %, macroblasts 1/200 L. Anisocytosis, macro-megalo- 
cytosis, microcytosis, schizocytosis, poikilocytosis, polychromasia, over- 
segmentation of the nuclei of the neutrophil cells. 

Sternal puncture: Macro-megalo-blastosis. 

Treatment: 30— 4— 1937 2 cc. (X) E = 1 mg. t.s. (intravenous' 

4—5—1937 10 cc. (X) E = 5 mg. t.s. » 

14/18 — 5 — 1937 100 cc. Pernami. 
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Case 26. Cell count and Hmglb. from ear and sternal blood 
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Case 27. I. Ii. $ aged 37. Born 23—3—1S90, Sweden. [Ref. nr. 5311 / 
36 — 37). 

Occupation: Wife of bridge-builder. 

Rheumatic fever in 1918. Ten years ago, when she gave birth to her 
second child, she is said to have had haemoglobin 60 %. Since then she has 
taken iron, particularly in the winter, and she had thus been able to keep 
fit till the present summer when, in spite of taking iron, she began to feel 
more tired. She has lost weight, her skin has turned yellow, and she has 
been breathless on walking up stairs and up hill. For four years has been 
troubled at intervals by soreness of her tongue and of the inner side of 
both lips. On account of dyspepsia three years earlier she took a test meal 
said to have shown anacidity. Eight days ago, toothache-like pain in her 
right leg. Admitted to the Med. Dept. B. of the Rikshospital 30—12—1936. 
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Case 26. Differential cell count of sternal blood. 
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Case 27. Differential leucocyte count of ear blood. 
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Case 27. Cell count and Hrnglb. from car and sternal blood. 
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Present condition: Skin a strikingly waxy yellow colour, the mucous 
membranes very pale. Pulse SO, regular. Resp. 20, unembarrassed. Temp. 
37.5. Blood press. 120/05. Margins of the tongue slightly sore. Some atrophy 
ot its papillae. Slight soreness of the inner side of the lips, and some rubor 
of their mucous membranes. Pupils equal, reacting to light and accommo- 
dation. Cardiac dulness 4 C. to left of sternal margin. Apex beat in fifth 
intercostal space in the midclavicular line. Over the whole of her heart 
there is a systolic blowing murmur loudest over the apex. Liver dulness 
fiom sixth rib to 3 finger-breadths below the costal margin where the bor- 
der of the liver is palpable. (The liver could not be felt 22—11 193G). 
Spleen palpaple below the costal arch, but not projecting beyond it. (The 
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Case 27. Differential cell count of sternal blood. 
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spleen could not be felt 22-11-1936). No enlargement of the lym phatic 
glands. Ewald test meal: Congo 4-, ac. 0/6. Urine: Schlesmger ( 1/10 d 1 J 
+ . Wassermann 4-. S.E. 46 mm." after 1 hr. Serum colour 6 lib. 42 /„ - 
5.796 ". %. Hb. pr. erytlir. 36.7 yy. Erythrocytes 1.58 mill. Leucocytes 
2300. Reties. 1 °/ 00 . Blood smear: has. 0 %, eos. 2.5 %, band forms 4.5%, 
polymorphs 45%, monocytes 4.5%, lymphocytes 43 %, plasma Turk 
0.5 %. Anisocytosis, schizocytosis, microcytosis, macro-megalo-cylosis, 
orthochromia, over-segmentation of the neutrophil leucocytes. 

Sternal puncture: Megalo-macroblastosis. 

Treatment: 31 — 12 — 36 Injection of liver preparation 
11 — i — 37 Injection of liver preparation 


Case 28. II. II. $ aged G2. Born 19—7—7874, Moss. (Ref. nr. 6266/37). 

Occupation: School teacher. 

Well till May, 1936, when he began gradually to become more and 
more relaxed, tired and weak. Loss of appetite and steady loss of weight 
— about 10 — 12 kgs. No discomfort apart from breathlessness on exertion. 
Late in the autumn of 1936 troubled occasionally by slight giddiness, par- 
ticularly on getting out of bed. This trouble has increased greatly, and by 
Jan. 20, 1937 he could no longer work as a teacher in a primary school. The 
doctor he consulted recommended admission to hospital. Never subject 
to diarrhoea, being more inclined to constipation of slight degree. No sore- 
ness of the tongue. During the last few weeks he has noticed a slight tingling 
and pricking in the tips of his fingers and the palms of his hands. He was 
admitted to the Med. Dept. A. of the Rikshospitnl 30 — 1 — 1937. 

Present condition: lie looks ill, his complexion is greyish-white with 
a touch of yellow in it, and his mucous membranes arc pale. Becomes 
breathless on speaking or moving. Temp. 37.4. Tongue pale, smooth, 
atrophic, clean and moist. Resp. 26, audible. Pulso 88 , regular. Blood press. 
150/80. Sclerae a trifle yellow. Apex beat in the fifth intercostal space 10.5 
cm. from the middle line. A slight systolic murmur. The margin of the liver 
palpable just above the umbilical transverse line. On S — 3 — 1937 it was 
palpable one finger-breadth below the costal arch. Reflexes normal. Ewald 
test meal (after 3/4 hr.) Congo McLean 4 -, ac. 0 / 4 . Urine: Schlesinger 
( 1/10 dilut.) + +. Wasserman 4 -. Serum colour 14. S. R. (after 1 hr.) 33 mm. 
Reties. 12 lib. 47 % = 6.486 g. %. Hb. pr. erytlir. 46.3 yy. Erythrocytes 
1.4 mill. Leucocytes 2700. Blood smear; eos. 2 %, metamyelocytes 2%, 
band forms 2 %, polymorphs 40.5 %, monocytes 4 %, lymphocytes 49.5 %’ 
Marked anisocytosis, microcytosis, schizocytosis. Orthochromia, poly- 
chromasia, macro-megalo-cylosis. Basophil punctation. Cabot’s' rings 
No over-segmentation of the neuclei of the neutrophil cells. 

Sternal puncture: Megalo-macroblastosis. A radiological examination 
of the stomach and duodenum showed canalis gastritis and a diverticulum 
of the duodenum, but nothing else of interest. 
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Case 28. Cell count and Hmglb. from ear and sternal blood. 
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Treatment: 1—2—37 3 cc. E b Ph. u. praec. Bentz. A = 600 g. liver. 

8 — 2 — 37 8 cc. merk. (X) e = 4 mg. t.s. 

20 — 2 — 37 30 cc. merk. (X) e =15 mg. t.s. 

4 — 3 — 37 20 cc. merk. (X) e =10 mg. t.s. 

10 — 3 — 37 20 cc. merk. (X) e =10 mg. t.s. 

15 — 3 — 37 20 cc. merk. (X) e = 10 mg. t.s. 

20 — 3 — 37 20 cc. merk. (X) e = 10 mg. t.s. 

. 24 — 3 — 37 12 cc. merk. (X) e = 6 mg. t.s. 
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Case 29. A. P. $ aged 52. Born 9—5—1886. [Ref. nr. 279/39). 

Occupation: Brick-kiln worker. 

Subject for 6 to 7 years to bouts of giddiness and vomiting of a few minu- 
tes’ duration. At the end of June, 1939, he had one of these bouts during 
which he collapsed and was unconscious for a moment. Since then he has 
suffered from lassitude and giddiness and has easily become breathless. 
Appetite poor of late, but his food has not troubled him. He was admitted 
to the Med. Dept, of the Drammen Hospital on 7—7—1939, when his state 
of general nutrition was moderately good, and there was no oedema or rash. 
Mucous membranes pale. Temp. 37.2, blood press. 110/60. Slight jaundice 
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Tongue not atrophied. Liver and spleen not palpable. No enlargement of the 
lymphatic glands. Urine: Schlesinger (1/10) -v-- Ewald test meal; ac. 0/4, 
Wassermann . Urea 60 mg. %. S.R. 9 mm. Osmotic resistance: incipient 
haemolysis at 0.48 % NaCl., and total haemolysis at 0.38 %. Blood smeai 
from ear blood: eos. L. 1 %, polymorphs 45 %, monocytes 1 %, lympho- 
cytes 53 %. Orthochromia, marked anisocytosis, macro-megalo-cytosis, 
basophil punctuation, schizo-micro-poilcilocytosis. Marked over-segmenta- 
tion of the neutrophil leucocytes. Macroleucocytosis. 

Sternal puncture: Macro-megaloblastosis. 

Liver extract mrk. II (8 — 5 — 39) »Nyco» 25 cc. 


1939 

Reticulo- 
cytes % 

Hmglb. 

! 

Leuco- 

cytes 

Serum 

colour 

Erythrocytes 
in millions 

Nuc. cells in 
sternal blood 


15 

75 

4200 

14 

2.46 

240000 

10.7 

77 





400000 

11.7 

104 






12.7 

122 

82 

6900 

9 

2.66 

240000 

13.7 

179 






14.7 

140 






15.7 

90 

90 

7300 


3.26 


17.7 

30 

90 



3.33 



^ Case 30. M. H . $ aged 55. Born in Sandsvar {Buskerud). (Ref. nr 459/39). 

For several years she had suffered from vague dyspeptic symptoms, 
notably meteorism and nausea after practically every kind of food. Of 
late years she had experienced increasing lassitude, giddiness, tinnitus 
and slight palpitation of the heart. From time to time her eyes had been 
a trifle yellow, and there had been slight oedema of her legs. Her appetite 
had gradually waned, and she had lost weight. During the past few months 
sha had been troubled by fleeting pains in her legs. Iron had been prescribed, 
but as she did not improve, she was admitted to the Med. Dept, of the 
Drammen Hospital 21 — 7 — 1939. 

Present condition: She is thin and there is definite oedema of her legs, 
ver trunk, neck and forehead are numerous dark brown patches of various 
sizes Mucous membranes pale and conjunctivae a trifle jaundiced Tongue 
moist and smooth Normal conditions in other respects, liver and spleen 
being palpable, and the lymphatic glands showing no pathological 
Xrf'if neUr0l ° giCal examina tion negative apart from the Achilles 

tet i,ea r It; ‘ £ ey0k ?- - Urea 0.30 mg. %. Ewald 
Blood pr ess ' 7' ^ r,na: Sohlesinarer (1/10 dilnt.) +. Temp. 37.5. 

™i . P i / 35 / 75 ' Bl00d smear from ear: eos - L. 2 %, band forms 4 V 
P morphs 43 %, monocytes 7 %, lymphocytes 44 %. Marked. anisocytosfs’ 
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Case 29. Differential cell count of sternal blood. 



Sternal puncture 
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band forms 
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Smear cells 
ReticUlo endothel. cells 
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macro-riiegalo-cytosis, orthochromia, micro-schizo-poikilocytosis. Erythro 

Masts 1 in 100 h. Morphology of the leucocytes normal. 

Sternal puncture: Megalo-macroblastosis. 

Treatment: 24—7—39 20 cc. liver extract mrk II *Nyco» (8—5—39). 
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Reticulocytes 

0/ 

loo 

Hmglb. 
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cytes 

Serum 

colour 

Erythrocytes 
in millions 
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Case 31. H. N. aged 62. Born 15—7—1874, Elverum. [Ref. nr. 38S2f 
36 — 37). 

Occupation: Captain (Non-commissioned officer). 

Since the summer of 1927 he has been breathless on walking up hill 
and has experienced lassitude and tiredness. Tongue sore since October 
1928. His symptoms grew worse, breathlessness in particular being troub- 
lesome. He was admitted to the Med. Dept. A. of the Rikshospital 5 — 2 — 
1929 where pernicious anaemia was diagnosed. Urine: Schlesinger + + . 
Erythrocytes 1.62 mill. Ewald test meal (after 3/4 hr.) Congo -f-, Uffel- 
mann ac. 0/4. He recovered under liver treatment and on his dis- 
charge was advised to eat 200 g. liver daily. On his readmission 2 — 8 — 1933, 
for relapse, he suffered from his earlier symptoms plus troublesome numb- 
ness of his toes. Erythrocytes now 2.3 mill. Since his discharge he had 
taken 225 g. of pig’s liver regularly in the form of rissoles. His symptoms 
had recurred since August 1936, and he was again admitted to the Med. 
Dept. A. of the Rikshospital 9 — 11 — 1936. 

Present condition: He looks well and makes no anaemic impression. 
Tongue moist, clean, very smooth. Resp. unembarrassed. Temp. 37.1. Pulse 
84, regular. Blood press. 130/75. Pupils equal and circular, reacting to 
light and accommodation. Apex heat in fifth intercostal space, 9.5 cm. 
from the middle line. A systolic blowing murmur over the apex and the 
second right intercostal space. Slight oedema of the legs which present slight 
paraesthesia. Patellar reflexes cannot be evoked, the other reflexes normal. 
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Case 30. Differential cell count of sternal blood. 


1939 

22—7 

Sternal puncture 

asp. easy 0.5 cc. 
st. blood m.p. + + + 
f.p. 0 severe a pain 
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Case 31. Differential leucocyte count of ear blood. 
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Case 31. Cell count and Hmglb. from car and sternal blood. 
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Reticulocytes 
per millc 
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cry tli roc. in yy 
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in millions 

Nucleated 
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2.84 


7500 


19—11 

101 
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36.2 


83.- 


3.13 
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The right calf tender on pressure. Urine: Schlcsingcr (1/10 dibit.) -f . Serum 
colour 13. S. R. 9 mm. after 1 hr. Hb. 73 % = 10,074 g. %. lib. pr. eryihr. 
39 yy. Reties. 12 °/ 00 . Erythrocytes 2.38 mill. Leucocytes 5800. Blood 
smear: cos. 0 %, has. 0.5 %, m. myelocytes 0.5 %, band forms 2 %, poly- 
morphs 60.5 % monocytes 2 %, lymphocytes 34.5 %. Marked anisocytosis, 
macrocytosis, megalocytosis, schizocytosis, microcytosis. Polychromasia, 
orthochromia. 

Sternal puncture: Megaio-macro-blastosis. A radiological examination 
of stomach and duodenum showed normal conditions. 

Treatment: 13 11 — 36 10 cc. mrk. E ,J Pb. upraec. Bentz F. = 500 g liver. 
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Case 31. Differential ceil count of sternal blood. 


Sternal puncture 


Asp. easy 0.65 cc. Asp. easy 0.4 cc. 
st. blood f.p. -f-f-f st. blood m.p. -f-f 
m.p. + moderate f.p. + + + severe 
a. pain a. pain 










Case 32. Cell count and Hmglb. from ear and sternal blood. 
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Case 32. B. S. $ aged 59. Born 22—S—1S76, Haa, Jaeren. (Ref nr 
4S19/35 — 36). 

Occupation: None (in prison for about 15 years, a couple of years at a 
time). 

His father and several members of his family on his father’s side were 
abnormally fat. He himself has been very fat, his height being 1.64 cm. 
and his weight at one time over 100 kg. He now weighs 70 kg. Well till 
1931 when he began to be troubled by nausea and vomiting in the morning. 
In the summer of 1935 he began to feel limp, but he continued to do a 
little work till, a week before admission to the Med. Dept. A. of the Riks- 
hospital, he had to take to his bed. A month ago, folk about him noticed 
he had become very pale, and since the middle of October he lost 10 kg. 
Progressive breathlessness since the summer. Two or three months ago he 
was troubled for some time by soreness of his tongue, a small sore being 
situated on the tip of it. He has noticed no paraesthesias or paraeses. The 
actions of bowels and bladder normal. 

Present condition: It was noted on 14 — 12 — 1935 that he was remark- 
ably pale, with a touch of yellow in his skin. Mucous membranes pale. Pulse 
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88. regular. Blood press. 110/65. Resp. 18, unembarrassed. Tongue moist, 
clean, smooth in the middle. A soft systolic murmur loudest over the base 
of the heart. Liver and spleen not palpable. Reflexes normal. No anaesthe- 
sias nor paraesthesias. Evald test meal; ac. 0/6. Congo —, Uffelmann — . 
Urine: Schlesinger (1/10 dilut.) +. Wassermann -P. Serum colour 8. S.R. 47 
mm. after 1 hr. Hb. 43 % = 5.93 g. %. Hb. pr. erythr. 43.3 yy. Leucocytes 
7100, Erythrocytes 1.43 mill. Blood smear: eos. 2.5 %, has 0.5 %, myelo- 
cytes 0.5 %, metamyelocytes 1 %, band forms 4 %, polymorphs 63.5 %; 
lymphocytes 27 %, monocytes 1 %. No erythroblasts. Marked poikilocyto-' 
sis, schizocytosis, microcytosis, anisocytosis, macrocytosis and megalocyto- 
sis. Slight polychromasia and anisochromia. Marked over-segmentation of 
the nuclei of the neutrophil leucocytes. j 

Sternal puncture: Megalo-macroblastosis. A radiological examination of 
the stomach shoved normal conditions. 

Treatment: 20 — 12 — 35 14 cc. B. Ph. sol. = 2100 g. liver. 

3 — 2 — 36 4 cc. BF. — B — Ph — sol = 200 g. liver. 

14 — 2 — 36 14 cc. BF. — B — Ph — sol = 700 g. liver. 

25 — 2 — 36 100 cc. Pernami. 
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nr. S ^ 71 ' B ° ni n - 12 ~ 1S6S ’ JIedd < Telemark 

Occupation: Parmer. 

Osteomyelitis at the age of 16. Since then well till about two months 
ago when he noticed great breathlessness on walking up hill. He suffered 
more and more from lassitude and giddiness, his appetite flagged, and he 
experienced a sense of pressure about his heart on exertion. His face has 
also become much pales, and during the past month he has done no work 
because he felt he was not up to it. No sores in mouth or on tongue, no abdo- 
minal pain. Normal action of bowels and micturition. Admitted for anaemia 
to the Med. Dept. A. of the Rikshospital 3 — 1 — 1938. 

Present condition: He is pale and yellow and thin. No pain anywhere. 
Pulse 76, regular. Resp. 16, unembarrassed. Blood press. 135/95. Tongue 
moist, slightly coated, some atrophic papillae, no sores, A loud systolic 
blowing murmur over the apex. The second heart sound slightly blurred. 
Liver and spleen not palpable. Electrocardiogram normal. Ewald test meal 
(after 3/4 hr.) ac. 0/8, Congo McLean—. Urine: Schlesinger (1/10 dilut.) 
+ . S.R. 18 mm. after 1 hr. Wassermann ~p. Serum colour 5. Reties. 6°/ 00 . 
Hb. 46 % = 6.35 g. %. Hb. pr. erythr. 43.2 yy. Erythrocytes 1.47 mill. 
Leucocytes 3400. Blood smear: bas. 1.1 %, eos. 2.9 %, band forms 1.8 %, 
polymorphs 38.1 %, monocytes 3.5 %, lymphocytes 32.6 %. Considerable 
anisocytosis, macro-megalo-shizo-poikilo- and microcytosis. Ortliochro- 


Case 33. Differential leucocyte count of car blood. 


1838 

8—1 

10—1 

11—1 

12—1 

13—1 

17—1 

19—1 

22—1 

14—3 

Praemyelocytes per cent 



0.5 



0.5 

1.5 


— 




Bas. L. 


— 

0.5 

— 

— 

— 

1.0 

1.0 

0.5 

— 

Eos. L. 


5.0 

4.0 

2.5 

3.0 

2.5 

6.5 

3.0 

5.0 

13.0 

s 

' myelocytes 

» 

0.5 

0.5 

4.0 

2.0 

0.5 

1.5 

— 

— 

— 

cx 

young forms 

» 

— 

1.0 

3.5 

— 

0.5 

— 

— 

— 



3 

band forms 

» 

5.0 

3.0 

2.5 

2.5 

2.0 

2.5 

2.5 

2.0 

4.5 

z 

. polymorphs 

» 

53.5 

39.5 

37.5 

40.0 

44.0 

36.0 

51.0 

46.5 

52.5 

Monocytes • 

» 

4.0 

4.0 

5.0 

8.0 

9.5 

13.0 

11.5 

6.0 

, 5.0 

Lymphocytes 

» 

32.0 

47.0 

45.0 

44.0 

39.5 

39.0 

31.0 

40.0 

24,5 

Plasma-Tiirk 

» 

— 



— 

— 

— 

0.5 

- 

— 

0.5 













Normobl. bas* 

in 200 

— 

— 

11 

12 

1 

— 

__ 

— 

— . 


eos. 

leuco- 

— 

— 

4 

19 

5 

1 


— 




cytes 










Macrobl. bas. 


— 

1 

1 




. 


“ 



aaeos. 

» 

— 


3 

1 

— 



— 

” 


Ery throb]. bas. 


— 

— 

2 

— 

— 

— 

— 




eos. 

») 

— . 

5 

6 

4 

— 





— 








201 


Case 33. Cell count and Hinglb. from ear and sternal blood. 
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masia, no nucleated erythrocytes. Polychromasia less than 1 «/ Neutrophil 
over-segmentation. m 1 


Sternal puncture: Macro-megaloblastosis. Normal conditions 
a radiological examination of stomach and duodenum. 


found on 


Treatment: 8 — 1 — 38 2 cc. Pernami forte. 

9 — 1 — 38 2 cc. » s 

3 2 — 38 10 cc. Pernami nr. II 

4 — 2 — 38 10 cc. » f) jj 

22 — 2 — 38 20 cc. » 0 yr 


35—36). H ' M ' S QSed 6G - B ° rn 9 ~^~ISC9, England. ( Ref . nr. 5496/ 
Occupation: Watchman. 
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Case 33. Differential cell count of sternal blood. 
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yellow in his complexion. He suffered more and more from giddiness, 
headache and dyspnoea when at work. He had therefore to abandon it, 
and he was admitted to the Med. Dept. A. of the Rikshospital 20— 1—1933. 
He was given campolon and recovered. After discharge he failed to adhere 
to his liver diet, and he was therefore re-admitted to the Med. Dept. A 
10 — i — 1936 with his old symptoms. No history of any soreness of the 
tongue. 

Present condition: He is pale with a hint of jaundice. Conjunctivae 
subicteric. Pulse 88, regular, with a suspicion of high tension. Apex beat 
not palpable. A systolic murmur loudest over the apex and at the left 
margin of the sternum. Blood press. 160/70. No oedema or rash. Lower 
border of the liver palpable 1 — 2 finger-breadths below the costal arch. 
Temp, on admission 37.5, on discharge, 36.5. Ewald test meal (after 3/4 hr.) 
ac. 0/2, Congo -j-. Urine: Schlesinger (1/10 dilut.) +. Serum colour 18. 
S.R. 39 mm. after 1 hr. Hb. 49 % — 6.76 g. %. Hb. pr. erythr. 33 yy. 
Erythrocytes 2.05 mill. Leucocytes 4800. Blood smear: eor. 2.5 %, bas. 
2.5 %, band forms 2.5 %, polymorphs 62 %, monocytes 4 %, lympho- 
cytes 28.5 %, plasma-Tiirk 0.5 %. Anisocytosis, poildlocytosis, microcy- 
tosis, schizocytosis, macrocytosis, megalocytosis, basophil punctuation, 
over-segmentation of the neutrophil leucocytes, polychromasia. Reties. 9/Voo- 

Sternal puncture: Megalo-macroblastosis. A radiological examination 
showed a normal duodenum and a stomach dislocated over to the right, no 
tumour infiltration. 

Treatment: 15 — 1 — 36. 15 cc. mrk. BFPH praecip. = 7500 g. liver. 


Case 34. Differential leucocyte count of ear blood. 


1936 

10—1 

15—1 

16—1 

17—1 

18—1 

19—1 

20—1 

21—1 

22—1 

29—1 

30—1 

Praemyelocytes 

per cent 





0.3 

0.7 

_ 

0.5 






Bas. L. 

►> 

2.5 

— 

— 

0.3 

4.0 

1.0 

— 







__ 

Eos. L. 

» 

2.5 

0.3 

— 

1.0 

— 

1.0 

2.0 

3.0 

1.5 

1.0 

3.0 

« 

V 

' myelocytes 

» 

— 

0.7 

— 

0.7 

1.0 

— 

— 

„ 





c, 

o 

young forms 

•) 

— 

0.7 

0.7 

1.7 

2.0 

1.0 

1.5 

1.5 

__ 



3 

CJ 

band forms 


2.5 

5.0 

2.3 

2.3 

2.0 

2.5 

2.0 

1.0 

1.0 

4.0 

3.5 

z 

l Polymorphs 

») 

59.5 

53.3 

49.4 

55.0 

55.5 

49.5 

52.5 

49.0 

51.0 

56.0 

58 5 

Monocytes 

■>> 

4.0 

3.7 

5.0 

4.0 

3.5 

8.5 

6.0 

5.5 

6.0 

6.5 

4 0 

Lymphocytes 

>> 

28.5 

36.3 

42.3 

34.3 

32.0 

36.0 

36.0 

40.0 

40.5 

32.5 

30 0 

Plasma-Tiirk 

» 

0.5 

— 

— 


— 

. 







Megalobl. bas. in 200 leuco- 

4 

1 



_____ 





— 



— 

I 

eos. 

cytes 

— 

1 

2 

1 

3 


1 





Normobl. bas. 

» 

— 

1 

1 

4 

— 

1 







eos. 

» 

— 

— 

1 

S 

25 

12 

3 





Macrobl. bas. 

» 

— 



—— 

1 









eos. 

» 



t 








. 








' 


— ~ 

— 

— 

— 

. 


: 






204 


*o 

o 

o 

3 


C 

CJ 

u 

c$ 

Q> 


£ 

ab 

K 

3 

c5 


o 

o 


QJ 

a 


CO 


a 

O 


ft— — 

Erythro- 
blasts in 
earblood 

L li. l i o i I i 

o-r-oodScoioo 

C2ir5t>iOOi©50(M 

CO C"J cc 

t-4 

Stcrnalblood 

leucocytes 
per cent 

42.1 

37.3 

21.3 

20.7 

36.8 

38.1 

40.7 

erythro- 
blasts 
per cent 

57.8 

62.7 

78.7 

79.3 

53.2 

61.9 

59.3 

Nucleated blood 
cells 

sternal- 

blood 

77600 

37500 

165400 

177400 

10800 

57000 

37400 

t *g 
u O 
rt © 

*2 

4800 

5500 

4300 

7400 

8100 

5500 

4200 

5000 

6000 

6000 

Erythrocytes 
in millions 

sternal- 

blood 

1.53 

1.28 

1.27 

1.56 

1.14 

1.93 

2.07 

car- 

blood 

2.05 

1.95 

1.86 

1.95 

1.85 

1.79 

2.51 

2.67 

2.63 

3.21 

3.71 

'tp 

i 

s « 

C s. 

</i 

39.5 

34. — 

35. — 

40.5 

31.— 

45.5 
48.— 

ear- 

blood 

40.— 

45.5 
48.— 

47.5 

45.5 
48.— 
57.— 

60.5 

60 — 

66 — 

75 — 

Hmglb. per 
erythrocyte in yy 

sternal- 

blood 

35.6 

36.7 
38.— 

35.7 

38.4 

32.5 
32.— 

■ 

« 'g 

u O 
C5 O 

*2 

33.— 

32.2 

35.6 

33.6 

33.4 

37.— 

30.9 

31.3 

31.5 

28.4 

27.7 

Reticulocytes 
per mille 

sternal- 

blood 

*-t CO r* CJD co c 

' ' « «> » §5 g 

ear- 

blood 

HHoeioneow" 

H - PI rt 

1936 




205 


Case 34. Differential cell count of sternal blood. 
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Case 35. K. G. K. <J aged 72. Born 10—11—1SG3, Oslo. (Bcf. nr. 75SS / 
35 — 36). 

Occupation: Pensioner. 

In 1898 contracted syphilis, and in 1912 developed syphilitic sores in 
his mouth, being given effective treatment with mercury on both occasions. . 
In the autumn of 1935 sores again in his mouth, was treated at the Fourth 
Dept, of Ullevaal Hospital with neosalvarsan and wismol. Since October 
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:i ~’- Differential leucocyte count «{ ear lilmiil. 
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increasing pallor ami lassitude, lull without any definite sense of ill- 
ness. A strifle giddy at t'.hristmas time, appetite poor, some loss of weight. 
Admitted to the Hyp Dept, of the Rikshospitnl 17 — 3 — 1935 for cataract. 
Transferred 20—3—1935 to the Med. Dept. A with the diagnosis of per- 
nicious anaemia. 

Presrnt romUtum: He is thin and very pale, with a hint of yellow in lus 
skin. Mucous membranes also pale. Tongue moist, smooth, sore, its lining 
atrophic. Temp. 37.2. Pulse 72. regular. Blood press. 150/90. Pupils react 
to light and accommodation. No demonstrable apex beat, no cardiac dul- 
i) ess, heart sounds dear. Plantar reflexes inverted, Achilles reflexes ab- 
sent, gait a (rifle unsteady. Liver dulness from 6th rib to a point 3 finger- 
breadths below the costal arch, the margin of the liver being firm and 
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Case 35. Differential cell count of sternal blood. 
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smear: eos. 3.5 %, band forms 5 %, polymorphs 45.5 % monocytes 1 %, 
lymphocytes 45 %. Just a hint of over-segmentation of the nuclei of the 
neutrophil cells. Marked anisocytosis, Faint anisochromia. Microcytosis, 
schizocytosis, poikilocytosis, macro-megalocytosis. 

Sternal puncture: Megalo-macrohlastosis. A radiological examination 
showed sclerosis of the aorta and emphysema of the lungs. 

Treatment: 30—3—36. 24 cc. B. F. salt abstracted according to D. and 
W. = 2400 g. liver. 


Case 3C. N.R. A/. S' a ged 74. Born 14 — 9 — 1S63, Tinn. [Ref. ;ir 2412 [ 
37 — 3S). 

On the whole well till 1932 when he was confined to bed for a month by 
pneumonia. His convalescence was slow on account of lassitude, tinnitus, 
giddiness and throbbing in his head. His sldn was pale yellow, and his legs 
ached considerably. Cannot remember any soreness of his tongue. After 
being up and about but feeling poorly for a couple of months, he suffered 
so much at last from lassitude that he had to keep to his bed most of the 
day. A doctor prescribed a diet of liver. Striking improvement after only 
eight days, and in a month he was fit for work. Since then he has occasion- 
ally suffered from lassitude and tiredness, but has, on the whole, kept fit 
till about a fortnight ago when he suddenly developed nausea and diarrhoea. 
Since then he has suffered more from lassitude and has had his previous 
symptoms, but no soreness of his tongue. Appetite wretched, and apart 
from the attack of diarrhoea he has been inclined to be constipated. Troub- 
lesome frequency of micturition. Loss of weight (about 11 kg.) Admitted to 
the Med. Dept.. A. of the Rikshospital 15 — 9 — 1937. 


Case 36. Cell count and Hmglb. from ear and sternal blood. 
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Case 36. Differential cell count of sternal blood. 
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Present condition: He is thin and pale yellow. Pulse 100, regular. Temp. 
38.2. Blood press. 120/90. Tongue dry, not coated, and neither smooth nor 
sore. Apex beat 9.5 cm. from the middle line in the 5th intercostal space. 
Cardiac diam. 13 cm. A faint and rather coarse systolic murmur loudest 
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over the second right intercostal space. Accentuation of the second heart 
sound. Liver dulness from 6th rib to a point 2 finger-breadths below the 
costal arch where its border is palpable. Spleen not palpable. Reflexes nor 
mal. Ewald test meal (after 3/4 hr.) Congo ~, McLean -f , ac 0/8 Urine- 
Schlesinger (1/10 dibit.) ++. Wassermann ~. S.R. 85 mm (after 1 hr)' 
Serum colour 8. Reties. 22 «/ M . Hb. 24 % = 3.31 g. <%. H b. pr erythr 

34.8 yy. Erythrocytes 0.95 mill. Leucocytes 3700. Blood smear- eos o 9 °/ 
band forms 12.6 %, polymorphs 40.3 %, monocytes 3.4 %, lymphocytes 

42.8 %. Neutrophil over-segmentation. Macro-megalo-cytosis* anisocyto- 
sis, microcytosis, schizocytosis, poikilocytosis, polychromasia, basophil 
punctuation. Ery thro blasts 8/200 L. 

Sternal puncture: Megalo-macroblastosis. Nothing abnormal found on 
a radiological examination of stomach and duodenum. 

Treatment : 18 — 9 — 37 Liver injection. 


Case 37, L. H. (J aged 35. Born 12 — S — 1900, IJurum. ( Ttef . nr. 630SI 
35 — 36). 

Occupation : Electrician. 

Pleurisy in 1920, progressive, chronic polyarthritis in 1916. Troubled 
since 1922 by dragging and burning pain in the epigastrium. At first it 
came in bouts, but of recent years it has occurred daily. Admitted to the 
Med. Dept. A. of the Rikshospital for polyarthritis 5 — 2 — 1936. 


Case 37. Cell count and Hmglb. from car and sternal blood. 
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Case 37. Differential cell count of sternal blood. 
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Present condition: State of general nutrition medium, not particularly 
pale. Temp. 37.G, pulse 76, regular. Blood press. 110/70. Pupils normal. 
Tongue moist, clean, sores on both sides of the middle line. Arthritic 
changes in most of his joints. Electrocardiogram normal. Urine: (1/10 dilut.) 
Schlesinger -p. Ewald test meal (after 3/4 hr.) ac. 0/4. Congo -p, McLean 
S.R. 135 mm. after 1 hr. Serum colour 3. Wassermann lib. 68 % = 
9 - 38 S- %■ Erythrocytes 2.63 mill. Leucocytes 6600. Blood smear: meta- 
myelocytes 1 %, band forms. 27 %, polymorphs 44 %, lymphocytes 25 %, 
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monocytes 3 %. Polychromasia, marked anisocytosis, microcytosis and 
schizocytosis, Anisochromia, macrocylosis. Toxic neutrophil granulation 
and nuclear structure. 

24—2 — 1936. Serum colour 3. Urine: Schlesinger {i/io dibit.) +. Hb. 
75 % ~ 10 - 35 S- %• Hb. pr. crythr. 38 yy. Erythrocytes 2.69 mill. Leuco- 
cytes 5000. Reties. G Blood smear: bas. 0.5%, band forms 10.5®/ 
polymorphs 48.5 %, monocytes 3 %, lymphocytes 37.5 %. Polychromasia,’ 
marked anisocytosis, microcytosis and schitzocytosis, anisochromia’ 
macrocylosis. Toxic neutrophil granulation and nuclear structure. 

Sternal puncture: Megalo-macroblastosis. formal conditions found on 
radiological examination of stomach and duodenum. 

Treatment: 24 — 2 — 30| 

25 — 2 — 36 j a total of 100 cc. Pernami 

26— 2—36 1 

Case 33. If. T. $ aged 50. Bom 27 . — is — jsss, Lillestrom. (lief. nr. 
G79J/37 — 3S). 

Occupation : Widow . 

Since about 1931 she has noticed she has become remarkably pale and 
tired. Skin slightly yellow and urine occasionally very dark. Heart excit- 
able on exertion. Loss of appetite. After heavy food a slight sensation of 
soreness in her tongue. Admitted to the Med. Dept. A. 15 — 12 — 1935 when 
pernicious anaemia was diagnosed. Hb. 28 %. Erythrocytes 1.38 mill. 
Leucocytes 3200. She was treated with liver and discharged as perfectly 
well 12—3—1934. 


Case 38. Cell count and Hmglb. from car and sternal blood. 
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Case 38. Differential cell count of sternal blood. 


Sternal puncture 


Asp. under vac. . „ _ 

[10 cc.] 0.6 ce. Asp. easy 0.5 cc. 

st. blood m.p. ^• b _|°° d j m -P: 

severe a. pain scvere a - P 


Ervthroblasts 
Leuco- blasts 

cytes 

Promegalomacroblasts 
Megalobl. bas. 

eos. 


per cent 


Megalobl. 

Macrobl. 

Normobl. 


Erythrobl. 

bas. 


eos. 

Erj-throbl. 

bas. 

division forms 

eos. 

Megacaryocytes 

Mast cells 

immature 


mature 

Eos. 

myelocytes 

leucocytes 

band forms 


polymorphs 

Myeloblasts 


Praemyelocytes 

N’eutro- 

myelocytes 

philes 

young forms 


Mono- 


band forms 
polymorphs 
blasts 
cytes 


’ Lymphocytes 
Plasma & Turk cells 
Reticulo endothelial cells 
Smear cells 


5.25 

5.— 

3.75 

0.75 

2.50 

10.75 
23.25 

5.— 

8.75 


3.— 

2.75 
1.50 

5.25 

8.75 
19 .— 
25.— 

7.25 
5.— 


S.7> 




214 


Latterly liver treatment has been inadequate, so her lassitude has in- 
creased, and she is disinclined for walking. Tongue sore, and of late her 
fingers have seemed to be numb. Admitted to the Med. Dent A of 
Rikshospital 1 — 2 — 1938. 

Present condition: She is pale and her skin is definitely yellow. Mucous 
membranes almost colourless, Pulse 180, regular. Resp. 24, unembarrassed. 
Tongue moist, clean, smooth. Temp. 37.3. Blood press. 125/50. Total 
cardiac diam. 16.5 cm. Systolic blowing murmur over the whole of her 
heart. Liver palpable 3 finger-breadths below the costal arch. Spleen pal- 
pable. Urine: (1/10 dilut.) Schlesinger ++. Serum colour 9. S.R. 50 mm. 
after 1 hr. Wassermann -p. Reties. 22 °/ 00 . Hb. 27 % — 3.73 g. %. Hb. pr. 
crythr. 40.9 yy. Erythrocytes 0.91 mill. Leucocytes 4200. Blood smear: eos. 
6.5%, myelocytes 0.6%, metamyelocytes 1.3%, band forms 5. 8 %, 
polymorphs 40 %, monocytes 3.9 %, lymphocytes 41.9 %. Marked aniso- 
cytosis, macrocytosis, megalocytosis, schizocytosis, poikilocytosis, ortho- 
chromasia, microcytosis, polychromasia about 1 °/ 00 Over-segmentation of 
the nuclei of the neutrophil leucocytes. 

Sternal puncture: Macro-megalocytosis. 

Treatment: 1 — 2 — 38 20 cc. Pernami nr. 08 — 09 — 10. 

2 — 2 — 38 20 cc. Pernami nr. 08 — 09 — 10. 

28 — 2 — 38 20 cc. Pernami nr. 08 — 09 — 10. 


Case 39. E. K. $ aged 33. Born 10)2 — 1S94, Fana. (Ref. nr. S2/37 — 3S). 

Occupation: Wife of agent. 

Well till 1920 when she was operated on for a tumour of the ovary. 
After suffering for many years from lassitude and frequent attacks of 
fainting, she was admitted to the Seventh Dept, of the Ullevaal Hospital 
where pernicious anaemia was diagnosed. Hb. 39 %. Erythrocytes 1.5 
mill. Under liver treatment she attained to hb. 80 % in about 7 weeks, the 
erythrocytes reaching 3.93 mill. Since her discharge she has almost daily 
eaten 200 g. liver, half of which was raw. In 1929 she was in the Vestfold 
County hospital, treated for »liver poisoning# (always watery stools). In 
1931 she was treated in the Med. Dept. A. of the Rikshospital for neuras- 
thenia. Ever since her discharge from hospital she has been given fort- 
nightly injections of Pernami. Since April 1937 she has suffered more from 
lassitude, and a fortnight before re-admission to hospital she became 
breathless when out walking, feeling giddy and noticing irregular heart 
beats. She consulted a doctor, and a similar attack overtaking her some 
days later, she was admitted to hospital for observation of her heart. 
Micturition, menstruation and the action of her bowels had been normal, 
but she had been'somewhat troubled by slight smarting of the tip of her 
tongue. Admitted to the Med. Dept. A. of the Rikshospital 3—7—1937. 

Present condition: No sign of heart disease to be found. S.R. 6 mm. 
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Cnse 39. Differential cell count of sternal blond 
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Wassermann Serum colour 3.5. Urine: Schlcsinger (1/1) +. Hb. 95 % — 
13.11 g. %. Hb. pr. crythr. 29.1 yj . Erythrocytes 4.5 mill. Leucocytes 
4300. Blood smear: eos. 2.5 %, metamyelocytes 0.5 %, band forms 2.5 %, 
polymorphs 43.5 %, monocytes G %, lymphocytes 45 %. Slight anisocyto- 
sis, orlhochromia, many small hacmoglobinricli erythrocytes. No macro- 
cytes. Marked pathological granulation of the nuclear structure of the 
neutrophil leucocytes. No over-segmentation of the leucocytes. 

Sternal puncture: Macro-normoblastosis. 



216 


„ Case 40. 0. T. O aged 39. Born 31—12—IS97 , Brandbu. {Ref. nr 3647 / 
37 — 38 ' 

Occupation: Wife of a mechanic. 

Well till the spring of 1936 when she had a period of lassitude, was quite 
pale, and suffered from soreness of her tongue. Fleeting pains in arms and 
legs, but no paraesthesias. Recovered completely after ID injections given 
by a doctor in the course of 16 weeks. Recovery maintained till the beginn- 
ing of October 1937 when she began to suffer from lassitude, pricking and 
stabbing in her legs and, latterly, also in her arms. Though suffering from 
tiredness and giddiness, she was not confined to bed. During the last feu- 
days soreness of her tongue. Her appetite has been good, and she has been 
able to tolerate all kinds of food, and has not lost weight. Slightly consti- 
pated, micturition normal. The doctor sending her to hospital stated that 
she had received 3 cc. of Pernami per week, the last injection having been 
given a fortnight earlier. She was admitted to the Med. Dept. A, of the 
Rikshospital 22 — 10 — 1937. 

Present condition: She is rather fat but not pale. Temp. 37.8. Pulse 76, 
regular. Resp. 16, unembarrassed. Blood press. 120/90. Electrocardiogram 
normal. Liver and spleen not enlarged. S.R. 29 mm. Ewald test meal (after 
3/4 hr.) Congo McLean ac. 0/7, Serum colour 4. Urine: Schlesinger 
(1/10 dibit.) -f. Hb. 84 % = 11.59 g. %. Hb. pr. erythr. 37.8 yy. Erythro- 
cytes 3.07 mill. Leucocytes 6700. Reties. 8 °/ 00 . Wassermann . -Blood 
smear: bas. 0.9 %, eos. 7.1 %, band forms 6.3 %, polymorphs 33 %, mono- 
cytes 2.4 %, lymphocytes 15.3 %. Macro-(megalo?) cytosis. A few schizo- 
cytes, microcytes and poikiiocytes. Polychromasia. A single neutrophil leu- 
cocyte shows over-segmentation of its nucleus. 

Sternal puncture: Macro-normoblastosis. Normal findings on a radiolo- 
gical examination of stomach and duodenum. 

Treatment: 25/28 — 10 — 37 40 cc. Pernami nr. 3. 

3 — 11 — 37 50 cc. Pernami nr. 3. 

22/24 — 11 — 37 30 cc. campolon. 

1/20 — 12 — 37 200 g. liver per day. 


Case 40. Cell count and Hmglb. from ear and sternal blood. 


1937 

Reticulocytes 
per miile 

Hmgtb. 

Erythrocytes 
in millions 

Nucleated btood- 
cclls 

ear 

sternal 

ear 

sternal 

ear 

sternal 

car 

sternal 


blood 

blood 

blood 

blood 

blood 

blood 

blood 

blood 

23—10 

8 

■1 

84 


3.07 


6700 


6—11 

10 

1 

85 


3.10 


5800 


15—11 

12 

Ml 

87 


3.43 


7600 


22—11 

12 

Mi 

87 


3.57 


7300 

131700 

24—11 

12 



S5 


3.31 


2S— 12 


Mi 

94 


4.37 


9300 

















Erythropoiesis 


217 


Case '10. Differential cell count of sternal blood. 
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Case 41. K. K. $ aged 4S. Born 3—8—1S89, Trysil. {R e f. nr T07il 
37 — 38). ' 

Occupation: Nurse. 

In December 1932 she suffered from fleeting pains in her legs, pro- 
gressive lassitude, thirst and breathlessness on exertion. A doctor'diag- 
nosed anaemia, and she began to eat liver. Her strength returned to some 
extent, but there was no change in the pain in her legs, and she was as 
thirsty as ever. A year later diabetes was diagnosed, and she improved 
greatly under treatment for it. Latterly she has suffered from some soreness 
of her tongue and from periodic paraesthesias of fingers and toes. Since 
Christmas 1932 has eaten liver daily (300 g.) for 1 % year. She ceased to 
do so in the summer of 1933, but off and on has eaten some liver up to the 
present time, an average of 150—200 g. per week. She was admitted to 
the Med. Dept. A. of the Rikshospital for the control of her diabetes and 
pernicious anaemia 8 — 2 — 1938. 

Present condition: In moderately good general condition. Complexion 
fresh. Sclerae subicteric. Pulse 82, regular. Temp. 38. Tongue moist, clean, 
a trifle smooth. Resp. unembarrassed. Blood press. 130/80. Cardiac diam. 
13.5 cm. A systolic murmur over the heart, loudest over the sternum. Liver 
not definitely palpable. Ewald test meal (after 3/4 hr.) ac. 0/4. Congo 
McLean -A, Wassermann Serum colour 5. S.R. 115 mm. Reties. 4 °j m . 
Hb. 76 % = 10.49 g. %. Hb. pr. erythr. 31.9 yy. Erythrocytes 3.29 mill. 
Leucocytes 7600. Blood smear, bas. 0.7 %, eos. 4.2 %, band forms 7 %, 
polymorphs 45.4 %, monocytes 9.8 %, lymphocytes 32.9 %. Considerable 
anisocytosis and macro-megalo-cytosis. Microcytosis, schizocytosis, ortho- 
chromasia, poikilocytosis, polychromasia, no over-segmentation of the 
nuclei of the neutrophil leucocytes. 

Sternal puncture: Macro-normoblastosis. 

Treatment: 24 — 2 — 38 10 cc. Pernami nr. II. 

25 — 2 — 38 10 cc. Pernami nr. II. 

12 — 3 — 38 20 cc. Pernami nr. 12. 


Case 41. Cell count and Hmglb. from ear and sternal blood. 
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Case 41 . Differential cell count of sternal blood. 
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Case 42. Differential cell count of sternal blood. 
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Present condition: Quite severe dyspnoea and slight oedema of an “ es 
and sacral region. Blood press. 210/120. Heart somew hat enlarged Pal- 
pable arteriosclerosis. The usual urine reactions normal. Wassermann . . 
Serum colour 12. S.R. 8 mm. Non-protein nitrogen 78 mg. /„. Total serum 
protein 6.9 %. Globulin 2.5 % uric acid 14.1 mg. %. Hb. 96 %. Erythro- 
cytes 4.7 mill. Leucocytes 11000, eos. 3 %, bas. 1 %, band forms /o> 
polymorphs 57 %, monocytes 10 %, lymphocytes 27 %. 

Sternal puncture: Normal morphology-normoblastosis, nucleated blood 
corpuscles 105000. An electrocardiographic examination showed extra- 
systole, bundle-branch block, myopathy. 


Case 43 . A. 0. $ aged 55. Born U — 4 — 4SS1, Aas , Smaalenene. {Ref. nr. 
6320/36 — 37). 

Occupation: Wife of farm labourer. 

In 1926 (44 years old) she began to suffer from lassitude, loss of appe- 
tite, headache and irregularity of menstruation which was intermittent and 
then ceased. She recovered gradually and was well till April 1927 when she 
again suffered from lassitude, her skin acquired a yellow tint, and she 
could not do her work. No soreness of her tongue and no dyspepsia. She 
felt better in the summer, but late in the autumn she again suffered from 
lassitude and was breathless at work. Her feet were swollen in the evening, 
her stools were frequent and loose, and she was very thirsty. For this reason 
she was admitted to the Med. Dept. B. of the Rikshospital where she stayed 
from 24 — 11 — 1927 to 7 — 2 — 1928, being treated for pernicious anaemia. 


Case 43. Differential leucocyte count of ear blood. 
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Case 43. Cell count and Hmglb. Irom ear and sternal blood. 
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Erythrocytes on admission 1.15 mill. Under liver treatment rise of the 
reticulocytes to a maximum of 29 %. Erythrocytes on discharge 4.64 mill. 
As she did not stick to her liver diet, she was admitted for the second time 
to .the Med. Dept. B., staying there from 12 — 5 — 1930 to 2 — 7 — 1930. 
Erythrocytes on admission 1.54 mill., on discharge 3.11 mill. For the first 
year after discharge she stuck to her dietary, taking fully 1 kg. of liver 
weekly. She felt well, and there were no intervals with relapses. In the 
middle of October 1936 (3 months ago) she began to suffer from lassitude 
and a distaste for liver which she had hitherto eaten conscientiously. But 
from now onwards she faltered in her dietary though she still ate a little 
liver every day, about % kg per week. Bowels now rather loose, but no 
soreness of tongue or breathlessness. At Christmas 1936 she felt seriously 
11, had gradually become pale, was breathless on walking, had little appe- 
tite, and believed she had lost weight. Since the middle of January 1937 
her appetite has been wretched, she has been unable to eat any liver, and 























Erythropoiesis 
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Case 43. Differential cell count of sternal blood. 
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could no longer work, taking to her bed 21 — 1—1937. She now suffered 
from attacks of shivering, vomiting, nausea, tingling in her fingers. Urine 
brown as coffee. Temp. 38. A doctor recommended hospital treatment. 
Out of bed the last three days, but feeling giddy. Appetite somewhat 
better the last few days, and for three or four days she has eaten a little 
liver. Admitted to the Med. Dept. A. of the Rikshospital 2—2—1937. 

Present condition: She is pale and complains of lassitude. Temp. 37.8 
Tongue clean, moist, smooth. Resp. unembarrassed. Pulse 80, regular. 
Blood press. 130/70. Apex beat not definitely palpable. Cardiac dulness 
10 cm. to the left of the middle line. A faint blowing murmur over the 
apex. Liver dulness from C>th rib to I fingorhreadth below the costal arch 
where the margin of the liver is palpable. Slight oedema of the logs. Spleen 
not palpable. Ewald test meal (after 3/4 hr.) Congo McLean -f , ac. 0/5. 
Urine: Schlcsinger (1/10 dibit.) +. S.R. 21 mm. (after l hr.). Reties. 98%. 
(Regenerative crisis). Serum colour 15. Ilb. 47 % = 0.486 g. %. Hb. pr. 
erylbr. 40.7 yy. Erythrocytes 1.930 mill. Leucocytes 7100. Blood smear: 
has. 0.5%, cos. 0.9%, praemyelocyles 2.0%, myelocytes 4.4%, meta- 
myelocytes 9.2 %, band forms 5.7 %, polymorphs 41.2 %, monocytes 
•1.8 %, lymphocytes 80.7 %. Anisocylosis, schizocytosis, microcytosis, 
poikilocytosis, inacro-megalo-cylosis. Polychromasia 5 °j m . Erythroblasts 
(normoblasts) 34/200 L. Over-segmentation of the nuclei of the neutrophil 
cells. 

Sternal puncture : Macro-normoblastosis. A radiological examination of 
stomach and duodenum showed nothing abnormal except a long stomach. 
The patient was involved in a marked regenerative crisis, received no 
treatment, whereupon the normoblastic regeneration subsided. 

Sternal puncture: 18 — 2 — 1937 macroblastosis reties. 23°/ 00 . Erythro- 
cytes 1.52 mill. 

Treatment: Pernami »Nvco* 20 cc. (19 — 2). 


Case II. O. A. $ aged 76. Born JO — 12—JSCO, Jlcdrum. (Ref. nr. 1373/ 
36 — 37). 

Occupation: Bx-handy-man. 

Troubled for about 1 % years by lassitude which, together with a 
nvobbly» condition of his legs, has incapacitated him for work. Soreness of 
his tongue for a year. About a year ago a doctor diagnosed pernicious 
anaemia and prescribed liver, about 1 kg. weekly. He was admitted to the 
Med, Dept. A. of the Rikshospital 24 — 11 — 1930. 

Present condition: lie is rather thin, suffers from bilateral conjuncti- 
vitis. Pulse 70, regular. Resp. unembarrassed. Temp. 37.2. Blood press. 
155/90. Pupils normal. Tongue red, perfectly smooth. Liver dulness from 
Gth rib to 1 finger-breadth above the costal arch. Liver and spleen not 
palpable. Lower limbs show no visible or measurable atrophy, but both 
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Case 44. Cell count and Hmglb. from ear and sternal blood. 
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are atactic. Gait atactic. No definite diminution of muscle power. Patellar 
and Achilles reflexes absent on both sides. Severe pain in hands and feet 
and marked paraesthesia of his fingers. Buttoning his clothes is difficult. 
Electrocardiogram normal. Urine: Schlesinger (1/10 dilut.) ++. Ewaldtest 
meal (3/4 hr.) ac. 0/5, Congo -f-, McLean 4-. Wassermann -f-. Serum colour 
4. S.R. 22 mm. after 1 hr. Hb. 79 % = 10.9 g. %. Hb. pr. erythr. 41 yy. 
Erythrocytes 2.64 mill. Leucocytes 5300. Reties. 1 °/ 00 . Blood smear: bas. 
0.5 %, eos. 1.5 %, band forms 4.5 %, polymorphs 67.5 %, monocytes 
4 %, lymphocytes 20 %. Anicytosis, macrocytosis, slight microcytosis and 
schizocytosis. Basophil punctuation, polychromasia, orthochromia and 
over-segmentation of the nuclei of the neutrophil cells. 

Sternal puncture: Megalo-maeroblastosis. Normal conditions found on 
radiological examination of the stomach and duodenum. 
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Treatment: 28—11—36 10 cc. Pb. Ph. = 5 00 g. liver. 

3 — 12 — 36 14 cc. Pb. Ph. = 700 g. liver. 

7—12—36 10 cc. Mrk. E b Ph. u. Praec. Bentz E.= 500 e 
liver. 

21/23 — 12 — 36 60 cc. Pernami. 

28/30—12 — 36 60 cc. Pernami. 


Case 45. P. S. $ aged 43. Born 14—10—1S94, Totcn. (Ref. nr. S 644 j 37 

Occupation: Shopkeeper. 

Right leg lame after poliomyelitis in 1911. Confined to bed 1915 for 
7 weeks by pleurisy. Digestive dieturbances 1925, when a doctor found 
reduced acidity of the gastric juice. Recovery after dietetic treatment. 
About 1928 (34 years old) he began to suffer from lassitude and pain in his 
back, notably between his shoulder-blades. Tingling in arms and legs 
and considerable soreness of tongue. A doctor consulted in 1930 found 
haemoglobin 57 %. Pernicious anaemia was diagnosed and liver treatment 
instituted. Of late years irregular treatment with injections of Pernami, 
5 cc. every other to every fourth week. During the last 3 to 4 months 10 cc. 
Pernami every fortnight. At the same time he ate about 150 g. of liver 2 or 
3 times a week. Appetite variable. Constipated. Admitted to the Med. Dept. 
A. of the Rikshospital 24 — 3 — 1938 for pain in abdomen and pain radiat- 
ing from the small of his back down his legs. 

Present condition: He looks well. Tongue moist, clean, rather sore. Resp. 
16, unembarrassed. Pulse 96, regular. Temp. 37.4. Heart normal, liver and 
spleen not palpable. Ewald test meal: ac. (after 3/4 hr.) 0/3, Congo -f , 
McLean -p. Urine: Schlesinger (1/10 dilut.) +. Blood press. 140/80. Was- 
sermann Serum colour 7. (28 — 3 — 1938 serum colour 2.5). S.R. after 
1 hr. 45 mm. Reties. 6 °/o 0 . Hb. 85 % = 11.7 g. %. Hb. pr. erythr. 45.2 yy. 
Erythrocytes 2.59 mill. Leucocytes 2700. Blood smear: eos. 0 %, band 
forms 1.9 %, polymorphs 44.8 %, monocytes 5.6 %, lymphocytes 47.7 %. 


Case 45. Cell count and Hmglb. from ear and sternal blood. 
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Marked anisocytosis, macro-megalocytosis, microcytosis, micro-schizocv- 
tosis, polychromasia, slight anisochromia. A fen- of the neutrophil leuco- 
cytes show over-segmentation of their nuclei. A single erythroblast. 

Sternal puncture : Megalo-macro-normo-blastosis. A radiological exami- 
nation of stomach, duodenum and large intestine showed normal conditions. 

Treatment: 25 — 3 — 38 40 cc. Pernami prod. nr. 015, 


Case 46. W. B. $ aged 72. Born U—9—1S6S , Balden. [ Bef . nr 5S1SI 
37—3S.) 1 

Occupation: Ex-painter. 

Well and strong till 70. About a year ago he noticed increasing lassitude, 
breathlessness and sense of oppression about his heart on exertion. After 
some weeks he suddenly felt violent pain in both his legs which were tender 
when touched. A doctor consulted in 1936 started liver treatment. Some 
time later he received liver injections. No history of dyspeptic symptoms. 
About 2 months earlier troubled for about 3 weeks by a burning sensation 
in the left half of his tongue. No loss of weight. Paraesthesias of fingers and 
feet for about a year. Having become worse latterly, he was admitted to the 
,'Med. Dept. A. of the Rikshospital 4 — 1 — 1938. 

Present condition: He is corpulent and his complexion is rather pale. 
No complaints of anything in particular. Pulse 84, regular. Temp. 37.7. 
Tongue moist, clean. Resp. 16, unembarrassed. Blood press. 145/90. Total 
cardiac dulness 14 cm. A faint systolic murmur. Apex beat not demon- 
strable. Liver dulness from 5th rib to costal arch, liver not palpable. Ref- 
lexes normal. Ewald test meal (after 3/4 hr.) ac. 0/5, Congo — , McLean 
Urine: Schlesinger (1/10 dilut.) +. Serum colour 8. Wassermann Reties. 
1 °/ 00 . Blood smear: has. 3 %, eos. 17 %, band forms 2 %, polymorphs 33%, 


Case 46. Differential leucocyte count of ear blood. 
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Case 46. Cell count and Hmglb. from car and sternal blood. 
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monocytes 3%, lymphocytes 42 %. Marked anisocytosis, macro-megalo- 
PnlZ'h SCh,Z °, Cyt 0 f' S ’ P oll ' lloc ytosis, microcytosis. Orthochromasia. 
G7 o/ Z°g 25 1 of n r 1 ° /o0 ' , S1,ght ne,llro P hil over-segmentation. Hb. 

cytes 3m /0 ' Pr ‘ erythr ' 41>3 Er ytbrocytes 2.24 mill. Leuco- 

AcrnaZ Megalo-macrobJastosis. Normal conditions found on 

radiological examination of stomach and duodenum. 

document: 8/9-1-38 altogether 40 cc. Pernami nr. 0506 
171 it 38 * 4 cc. Pernami forte. 

38 ’ 22 cc. Pernami nr. II. 
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Case 46. Differential cell count of sternal blood. 
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Case 47. K. K. ° aged 70. Born 2 — 7 — 1 $ 68. (ref. nr. 3847. Med. Dept. 
Drammen Hospital. 

In the spring of 1940 increasing lassitude and pallor. Tinnitus, a sense 
of hammering in her head, and palpitation of the heart. Has lost about 
10 kg. in a year and has felt some soreness of her tongue. Her appetite 
has been very poor. Admitted to the Med. Dept, of Drammen Hospital 
30—1—1941. 

Present condition: Pale and yellow, jaundiced sclerae. Blood press. 
180/80. A systolic blowing murmur over the whole of her heart, loudest 
over its apex. Liver palpable below the costal arch. Ewald test meal: 
ac. 0/2, Congo Serum colour 17. Relics. 13%,. Urine: (1/10 dilut JSchle- 
singer +. S.R. 45 mm. Blood smear: has. 1 %, eos. 3 %, myelocytes 1 %, 
metamyelocytes 1 %, polymorphs 53 %, monocytes 1 %, lymphocytes 
38 %. Anisocytosis, megalo-macrocytosis, microcytosis, poikilocytosis. A 
few basophilpunctuated erythrocytes. Over-segmentation of the neutro- 
phil leucocytes. 

Sternal puncture: Megalo-macroblastosis. 

Treatment: G — 2 — 41 20 cc. Pernami. 

2 — 2 — 11 Transfusion of 500 cc. of blood. 


Case 47. Cell count and Hinglb. from car and sternal blood. 


1941 
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Case 47. Differentia] cell count of sternal blood. 
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Case dS.A.S. $ aged 81. Bom 23—10—1888, Modum. [Rcj. nr. 3696 
Med. Dept, of Drammen Hospital). 

In the autumn of 1939 she began to feel so tired that she could do noth- 
ing. She became paler and thinner, and so breathless that she could hardly 
walk. She was troubled by giddiness, swelling of her legs, and occasionally 
by a sense of pricking and stabbing in her legs. No soreness of her ton- 
gue and no dyspepsia. Admitted to the Med. Dept, of Drammen Hospital 
24—1—1940. 

Present condition: Her skin and mucous membranes are pale, and her 
sclerae are slightly jaundiced. Blood press. 190/90. Tongue moist, and 
smooth over its borders. An electrocardiographic examination showed myo- 
pathia. S.R. 24 mm. Serum colour 12. Ewald test meal: ac. 0/4, Congo — 
Urine (1/10 dilut.) Schlesinger -f. Hb. 66%. Erythrocytes 1.59 mill. Leu- 
cocytes 4000. Reties. 6°/ 00 . Blood smear: eos. 2%, band forms 2%, 
polymorphs 67 %, monocytes 4 %, lymphocytes 25 %. Marked anisocyto- 
sis, megalo-macro-cytosis, schizocytosis, poikilocytosis. 

Sternal puncture: Megalo-maCroblastosis. 

Treatment: 6 — 2 — 40 20 cc. liver extract nr. 62. V.L.T. 


Case 48. Cell count and Hmglb. from car and sternal blood. 
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Case 48. Differential cell count of sternal blood. 
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Case 40. II. S. $ aged 37. Born 13 - 8 - 1002 , Ringcrike. (Ref. nr. 3438. 
Med. Dept. Drammen Hospital). 

Occupation: Wife of casual labourer. 

Late in the autumn of 1939 she began to suffer from increasing tired- 
ness, lassitude and giddiness, with loss of weight and appetite. Admitted 
to the Med. Dept, of Drammen Hospital 23 — 1 — 1940. 

Present condition: She is thin, asthenic and pale, her skin and scloiac 
a trifle jaundiced. Tongue smooth. Slight oedema of both legs. Liver defi- 
nitely palpable 2 finger-breadths below the costal arch. Wassermann 4-. 
Blood smear: Marked anisocytosis, macromegalo-cytosis. Poikilo-schizo- 
cytosis. Neutrophil over-segmentation of nuclei. Ewald test meal: ac. 7/20, 
Congo 4-. (8 — 5 — 193G: ac. 20/58, Congo -f). Serum colour 0. Osm. resis- 
tance 0.32 — 0.52 % NaCl. S.R. 20 mm. Urine: Schlesingcr 4- (1/10 dilut.). 
Hb. 58 %. Erythrocytes 1.89 mill. Leucocytes 4100. Reties. 0°/^,. 

Sternal puncture : Megolo-macroblastosis. 


Case 49. Cell count and Hinglb. from car and sternal blood. 
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Case 30. B. V. $ aged 43. Born 30 — 11 — 1804, Krddshcrcd. (Rrf. nr. 3024, 
Med. Dept. Drammen Hospital.) 

Occupation: Wife of labourer. 

A year earlier a quite transitory attack of lassitude and tiredness. Well 
till late in the summer when the same symptoms recurred and wore worse, 
and she suffered at the same time from giddiness and tinnitus, and noticed 
that her tongue had begun to be sore. She rallied somewhat in the late 
autumn, but relapsed just before Christmas. Appetite good till a fortnight 
before admission to hospital. During the last two months loss of weight 
(10 kg.), and during the past year some stabbing in both her legs and in 
her fingers in association with numbness. Her liair became rapidly grey 
during the past winter. Admitted to the Med. Dept, of Drammen Hospi- 
tal 1—2—1940. 
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Case 49. Differential cell count, of sternal blood. 
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Present condition: She is thin and pale yellow. Conjunctivae pale, 
sclerae jaundiced. Tired and finds it difficult to sit up in bed. Tongue 
smooth. Slight oedema of her legs. Liver dulness from 6th rib to a couple 
of finger-breadths below the costal arch where definite resistance is demon- 
strable. Increased liver dulness and palpable resistance under the cos a 
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arch. Electrocardiogram normal. Urine (1/10 dilut.) Schlesinger +. Ewald 
test meal: ac. 0/3, Congo Serum colour 10. S.R. 75 mm. Hb. 48 %. 
Erythrocytes 1.04 mill. Leucocytes 3300. Blood smear: myelocytes 1 %, 
band forms 6 %, polymorphs 3G %, monocytes 8 %, lymphocytes 49 %. 
Marked ansicytosis, microcytosis, schizocytosis, poikilocytosis. Many has. 
punct, Erythro blasts 1/200 L. 

Sternal puncture: Megalo-macroblastosis. 

Treatment: 9 — 2 — 40 20 cc. liver extract nr 62 V.T.L. 

22 — 2 — 40 20 cc. » » » & * 


Case 50. Cell count and limglb. from ear and sternal blood. 
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Case 61. E. J. aged 52. Born 29— S— 1891, Dalai ,■ Asker. [Ref. nr. 
11 604! 42 — 43). 


Occupation: Nayvy. 


Disease of the glands of the neck at the age of 10, and they have sub- 
sequently diminished in size and are now quite small. Inflammation of the 
cornea 1934 and 1939. A month before admission to hospital he began to 
suffer from breathlessness on walking up hill and up stairs, and experiencing 
a sense of oppression in his chest. A little later similar sensations radiating 
from the inguinal region to his thighs and calves. He gradually became so 
tired and giddy that he had to discontinue work. Admitted to the Med. Dept. 
B. of the Rikshospital 31 — 5 — 1943. 


Present condition: He is thin, pale yellow, his sclerae slightly jaun- 
diced. Blood press. 120/85. Pulse 72, regular. Temp. 36.6. Resp 14* unem- 
barrassed. Tongue moist, not smooth. The slight oedema of his legs passed 
off m a few days. Many small glands on both sides of his neck along the 
posterior border of the sterno-cleido-mastoid muscle. A microscopic exa- 
mination of them showed chronic, specific inflammation, probably tuber- 
culous. Apex beat of heart not demonstrable. Heart sounds clear. Electro- 
cardiogram normal. Spleen palpable 1 finger-breadth below costal arch 
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Case 50. Differential cell count of sternal blood. 
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Case 51. Differential leucocyte count of ear blood. 
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Case 51. Cell count and Hmgib. from ear and sternal blood. 
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It ceased to be palpable under treatment, and was no longer so on June 21, 

Patellar reflexes -f + + + +. + 

Achilles » -r ~ 

Plantar » VV VY 

A radiological examination of the lungs showed areas of calcification in 
both lungs and hiluses and along the trachea. Both apices of the lungs 
retracted. Remains of induration of the parenchyma. Wassermann 
S.R. 16 mm. falling to 3 mm. during his stay in hospital. Ewald test meal: 
ac. 0/5 — histamin-refractory, Congo — . Urine: Sclilesinger (l/10dilut.) 
Serum albumin 4.77 %. Serum globulin 2.00 %. Total serum protein 6,77 %. 
Non-protein nitrogen 30.8 mg. %. Uric acid in blood 7.28 mg. %, falling to 
6.21 mg. % during his stay in hospital Cholesterol 120 mg. %. Faeces: 
sublimate test +. Thromocytes 200,000. Serum colour 17, falling to 4 
during his stay in hospital. Reties. 2G°/ 00 . Hb. 41 %. Erythrocytes 1.41 
mill. Leucocytes 3200. Blood smear from ear: eos. 3 %, myelocytes 0.5 %, 
bas. 1 %, metamyelocytes 0.5 %, band forms 1.5 %, polymorphs 54.5%, 
monocytes 4 %, lymphocytes 34.5 %, plasma cells 0.5 %. Morphology of 
the leucocytes normal. Erythrocytes: anisocytosis, microcytosis, schizo- 
cytosis, macrocytosis, orthochromia. 

Sternal puncture: Megalo-macroblastosis. 

Treatment: 4 — 6 — 43 10 cc. Pernami »Nycos (nr. 149 — 9 — 3 — 43). 

5 — *(>* — 43 i) t) o 0 
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Case 51. Differential cell count of sternal blood, 
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Case 52. J. B. 0 aged 03. Born 3— 1—1879, 0stre Rendal Wet 
43—44.) ' ' 1 


. nr. 40 1 


Occupation: Housekeeper. 

In 1931 she began to suffer from lassitude and a tendency to faint. At 
the same time she became very pale, and at last she could not do her work, 
and she consulted a doctor wdio pul her on liver treatment, 250 g. daily 
On this treatment she recovered quickly. She again suffered from lassitude 
1934—1935 and developed pneumonia. She was admitted to hospital and 
recovered. She relapsed again 1940—1941 when she was given liver injec- 
tions with good effect. Since then one injection of liver monthly. Late in 
the spring of 1943 her old symptoms recurred, and she suffered from palpi- 
tation of the heart and dyspnoea. During the past half year she has lost 
weight (10 kg.). She was admitted to the Med. Dept, B, of the Rikshospi- 
tal 1—7—1943. 

Present condition : She is pale yellow, and does not complain of pain 
anywhere. Pulse 84, regular. Blood press. 115/60. Tongue moist, clean, 
strikingly smooth and furrowed. A soft systolic murmur over the apex. 
Venous humming over the vessels in the neck. A neurological examina- 
tion negative. Liver palpable 4 finger-breadths below the costal arch, and 
the spleen 1 — 2 finger-breadths belo%v the left costal arch. Electrocardio- 
gram normal. A radiological examination of stomach and duodenum 
showed no abnormality. Urine: Schlesinger (1/10 dilut.) +. Histamin- 
resistant. Uric acid 4.69 mg. %. Thrombocytes 74000. Ewald test meal: 
ac. 0/8. Serum calcium 9.35 mg. %. Serum phosphorus 5.60 mg. %. Choles- 


Casc 52. Differential leucocytes count of ear blood. 
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Case 52. Cell count and Hmglb. from car and sternal blood. 
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lerol 184 mg. %. Scrum albumin 3.82%. Scrum globulin 2.G1 %. Total 
serum protein 6.43 %. A/G 1.46. Non-protein nitrogen 27.8 mg %. Takata 
Serum colour 13. S.R. 29 mm. Retie. 'SO 0 ^. Ilb. 33 %. Erythrocytes 
1.42 mill. Leucocytes 3000. Blood smear: cos. 5 %, polymorphs 4G %, 
lymphocytes 47.5%; monocytes 1.5%. The neutrophil leucocytes show 
over-segmentation. Marked anisoeytosis, schizocvtosis, microcytosis, 
polychromnsia, orthochromia, macro-megalo-eytosis. 

Sternal puncture: Megalo-macroblaslosis. 

Treatment: 17 — 7 — 13 20 cc. Pernami »Nyco* (nr. 1G5). 

IS — 7 — 13 20 cc. » d s 

15 — 7 — 43 blood transfusion, 500 cc. 

5 — 7 — 13 20 cc. Pernami (nr. 13515122) given without 
effect. 

30/31 — 7 — 43 35 cc. Pernami (nr. 115). 

11/12/13 — S— 13 altogether GO cc. Pernami. 

20 / 21 — 8 — 13 altogether 40 cc. Pernami. 
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Case 52. Differential cell count of sternal blood. 
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Case S3. J. Ii. aged 73. Born 13— S— 1873, Ullensaker. (Ref. nr. 8737)40), 
Occupation: Ex-cutter-out. 

About Christmas 1939 progressive lassitude, loss of appetite and weight, 
swelling of the ankles and increasing breathlessness were observed. His 
skin turned pale yellow, and he was subject to attacks of vomiting. Ad- 
mitted to the 8th Dept, of Ullevaal Hospital with the diagnosis of pernicious 
anaemia 1 — G — 40. Here the haemoglobin was 40 %, and the erythrocytes 
numbered 1.9 mill. Ewald test meal: ac. 0/G, Congo —. Electrocardiogram 
normal. Wassermann -4r. Small haemorrhages of the retina. A radiological 
examination of stomach and duodenum showed normal conditions. Benzi- 
din test of the faeces H-. Under liver treatment the haemoglobin rose to 
94 %, and the number of erythrocytes 4.5 mill. j 

Re-admitted 3 — 3 — 44 to Ullevaal Hospital, this time to the 7th Dept, 
because of the inadequacy of the liver treatment. In addition to his old 
troubles, he now complained of his fingers being cold and of cramp in his 
legs. Hb. 70 %, erythrocytes 2.92 mill. Under liver treatment these figures 
rose respectively to 92 % and 4.73 mill. Normal electrocardiographic find- 
ings. A neurological examination showed slight signs of funicular myelosis. 
A radiological examination of stomach and duodenum was still negative, 
lie was again admitted to the 7th Dept, of Ullevaal Hospital 25 — 4 — 1G. 


Case 53. Cell count and haemoglobin from car and sternal blood. 
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Case 53. Differential cell count of sternal blood. 
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for the same troubles as before and again because be had neglected his 
liver treatment. Skin and sclerae now somewhat jaundiced. Blood press, 
170/95, falling to 130/70. Electrocardiogram normal. S.R. 33— GO mm. 
falling to G mm. on his discharge. Chlorides 140 m. equiv./l. Non-protein 
nitrogen 52 mg. %. Blood platelets 260,000. Takata’s reaction -r. Blood 
group A. Wasscrmann Meinicke reaction — Ewald test meal: Congo — . 
Coagulation time 9 to 15 min. (Gram’s coagulometer). Total proteins in 
serum G.l %, alb. 3.8 %, glob. 2.3 %. Calcium 9.9 mg. %. Ph. 3.4 mg. %. 
Total bases 153.7 m. equiv./l. Blood smear eos. 3 %, band form 8 %, poly- 
morphs 47 %, lymphocytes 40 %, monocytes 2 %. Marked anisocytosis, 
macro (megalo)-cytosis, schizocylosis, poikilocy tosis, microcytosis, orlho- 
chromia. 

Sternal puncture: Megalo-macroblastosis. 

Treatment: 8 — 5 — 4G 20 cc. Pcrnami »NvCO& nr. 194. 

1 3 — d — - 4 G 5o CC, p K ^ 

27—5—40 40 cc. o t> nr, 198. 


Case at. C. II. £ aged 71. Horn 21 — S — 1S76, Urskog. [Ref. nr. 13203/16). 

Occupation: Ex-agent. 

In 1930 confined to bed for G months by anaemia. Complete recovery 
under parenteral liver treatment. Subsequently well on a dietary of liver, 
but when it was difficult to obtain in 1940, he took to injection treatment. 
In 1942 operated on, cancer of the stomach being suspected, but his sym- 
toins were found to be due to a foreign body in the stomach. In 1943 ho 
became worse, being troubled by progressive lassitude and coldness and 
(withering* of his lower limbs. Admitted to the Lovisenberg Hospital 
where he was treated with blood transfusion and liver injections. Ewald test 
meal said to have given normal acid figures. In August 1943 he was admitt- 
ed to the 8th Dept, of Ullcvaal Hospital where his haemoglobin was 42 % 
and erythrocytes numbered 1.75 mill. Ewald test meal: ac. 0/8. Serum 
colour 2. Blood press. 100/70. Electrocardiogram normal. A radiological 
examination of stomach and duodenum showed nothing abnormal apart 
from post-operative deformity of bulbus duodeni. Liver treatment with 
good effect. In 1945 treated at the 2nd Dept, of Ullcvaal Hospital for tuber- 
culous osteomyelitis. Discharged 29—10—1945 with a sinus in his right 
thigh. 

Much troubled after discharge from hospital by pain in both legs, 
growing lassitude and dysphagia. Liver treatment very irregular. He was 
therefore admitted to the 7th Dept, of Ullcvaal Hospital 2S— G— 1946 
when it was noted that there was still a discharging sinus in his right 
thigh. Blood press. 140/70. Tongue smooth. Spleen and liver not palpablo. 
No definite enlargement of the lymphatic glands. Achilles reflexes -P, a 
neurological examination being otherwise negative. Urine: Schlesinger H- 
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Case 54. Cell count and haemoglobin from ear and sternal blood. 


1946 

Reticulo- 
cytes 
per mine 

Hmglb. 
per cent 

Erythro- 
cytes in 
millions 

Nucleated cells 

Asp. 

quantity 

sternal 

blood 

cc. 

ear 

blood 

sternal 

blood 

29—6 

2 

31 

1.03 

1700 



2—7 

8 

27 

0.89 

1900 



3—7 

12 




96000 

0.3 

4—7 

10 

29 





5—7 


27 

0.88 


239000 

0.6 

6—7 

8 






8—7 

S 

27 

0.75 




9—7 

150 




128000 


10—7 

184 

33 

1.13 




11- -7 

182 






12—7 

52 

34 

1.4S 

4800 



15—7 

10 

43 

1.65 

6500 



19—7 


41 

1.73 

6100 



22—7 


38 

1.76 

6000 




(%,) albumin +. Wassermann-p. Benzidin test of faeces—. Non-protein 
nitrogen 30 mg. %. Serum colour 3.5 and 1. S. R. 100 to 19 mm. Osmotic 
resistance: commencing haemolysis at 0.44 % NaCl and total haemolysis 
at 0.30 % NaCl. 2/7. Total serum protein 5 %, alb. 3.2 %, glob. 1.8%. 
Total bases 150 m. equiv./l. Ph. 2.7 mg. %, Calcium 8.8 mg. %. Radiologi- 
cal examination of stomach, duodenum and oesophagus: negative, of chest, 
remains of pulmonary infiltration on the right side and bilateral disease 
of the pleura. An osteomyelitic defect of the right leg. Blood smear from the 
ear: cos. 6 %, has. 1 %, band forms 1 %, polymorphs 53%, lymphocytes 
38 %, monocytes 1 %. Marked anisocytosis, macro-megalo-cytosis, micro- 
schizocytosis, poikilocytosis. Marked over-segmentation of the leucocytes. 

Sternal puncture: Megalo-macroblastosis. 

Treatment: 4 — 7 — 46 20 cc. Pernami »Nyco» nr. 209. 

5 — 7 — 46 20 cc. Pernami »Nyco» nr. 209. 








Erythropoiesis 
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Case 5-4. Differential cell count of sternal blood. 
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Case 56. M. A. $ aged 82. Born 1— 1—1864, Sanne. {Ref. nr. nniju). 

Occupation; Widow, 

In 1932 admitted to the 7th Dept, of Ullevaal Hospital after having 
suffered for some time from dyspeptic disturbances and progressive pallor 
and lassitude. Pernicious anaemia was diagnosed, hb. 44 %. Good effects 
from liver treatment. Thereafter several periods in hospital because she 
neglected liver treatment. Last admission 12 — 6 — 1946. 

Present condition: Severe pain in the upper abdomen traced to disease 
of the biliary passages. She was tired, exhausted, thin. Temp. 37.2. Arteries 
rigid. Pyuria. Wassermann -p. Serum protein 6.3%, alb. 3.8%, glob. 
2.5 %. S.R. 120 and 126 mm. Nonprotein nitrogen 30 mg. %. Blood smear, 
eos. S %, has. 2 %, band forms 7 %, polymorphs 40 %, lymphocytes 40 % 
monocytes 3 %. Marked anisocytosis, microcytosis, macro-(megalo) cyto- 
sis. Orthochromia, schizocytosis, poikilocytosis. Morphology of the leuco- 
cytes normal. An electrocardiographic examination showed myopathy. 
1945 blood press. 225/100. 

Sternal puncture: Megalo-macroblastosis. 

While in hospital she had high fever (38 — 39). Progressive lassitude and 
drowsiness, and she died 7 — 7 — 1946. Death was traced to senile debility 
with general arteriosclerosis, and disease of the urinary and biliary tracts. 
Normal reaction of the bone marrow to liver treatment. A post-mortem 
examination showed general arteriosclerosis, gall-stones, light red marrow 
in the vertebral column, and diffuse pigmentation of the liver cells with 
iron. 

Treatment: 17 — 6 — 46 20 cc. Pernami »Nyco» nr. 209. 


Case 55. Cell count and haemoglobin from ear and sternal blood. 
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2.01 

2900 

76000 

11 

18—6 

10 






19—6 

70 

40 
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Cases 55. Differential cell count of sternal blood. 
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Case SO M. F. ^ aged 68. Born S1—S—1S7S , Oslo. (Ref nr. misfit). 

Occupation : Civil servant. 

Pulmonary tuberculosis in his youth. In 1941 began to suffer from sore 
ness of mouth and tongue and increasing lassitude and pallor. Pernicious 
anaemia diagnosed in 1943. Liver treatment said to have been ineffective 
As he continued to suffer from increasing dyspepsia and lassitude his 
skm becoming jaundiced, he was admitted to the 711th Dent ofUlle’vrU 
Hospital 23—10—1945. ' 1 

Present condition: Complaints of lassitude. Skin pale yellow tongue 
smooth and atrophic. Blood press. 125/70. No palpable, pathological enlar- 
gement of the lymphatic glands. Liver and spleen not enlarged. Temp 3G 
Urine: Schlesinger (1/10) +. S.R. 24 to 4 mm. Cholesterol 200 mg.«/ M 
24—10—1945. Total serum protein 7%, alb. 4.8%, glob. 2.2%. Total 
bases 153m. eqniv./l. Serum iron 242 gamma %. Electrocardiogram normal. 
Radiological examination of stomach and duodenum normal. Blood smear 
from ear: eos. 1 %, has. 0 %, band forms 6 %, polymorphs 52 %, lympho- 
cytes 38 %, monocytes 3 %. Macromcgalo-cytosis, micro-poikilo-schizo- 
cytosis. Basophil punctuation, ortlmchromia. A few macroblasts. 

Sternal puncture: Macro-megaloblastosis. 

Treatment: 25 — 10 — 45 40 cc. Pernami »Nyco» nr. 181. 

21 — 11 — 45 35 cc. Pernami »Nycot> nr. 181. 


Case 56. Cell count and Haemoglobin from ear and sternal blood. 
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Reticulo- 
cytes 
per mille 

Hmglb. 
per cent 

Erythro- 
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Case 56. Differential cell count of sternal blood. 
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Case 67 A. IF. B. aged 62. Born 11—10—1884, Stockholm, f R e i nr 
6340/40). '' ‘ 

Occupation: Professor. 

Very fat for many years. Operated on in 1942 for intestinal obstruction. 
Signs of hypertrophy of the prostate for several years. Troubled during the 
last few months by progressive lassitude, breathlessness and loss of appe- 
tite. Nothing in his history to suggest funicular myelosis. No soreness of his 
tongue. Admitted to the Surg. Dept, of Ullevaal Hospital 22 — 3—1946, 
being subsequently transferred to the 7th Dept, with the diagnosis of per- 
nicious anaemia. 

Present condition: Great lassitude, but perfectly conscious. Pulse 100, 
regular. Blood press. 125/80. Tongue moist and clean, not smooth. No 
enlargement of the lymphatic glands. Spleen and liver not palpable. Nor- 
mal findings on a neurological examination. S.R. 49 mm. Serum colour 2. 
Total serum proteins 7.3 %, alb. 5.1 %, glob. 2.2 %. Ca. 10.3 mg %, phos. 
2.3 mg. %. Total bases in scrum 148 m. equiv,/l. Osmotic resistance: com- 
mencing haemolysis at 0.54 % NaCl. and total haemolysis at 0.34 %. 
Coagulation-time normal. 25 — 3 — 1946 blood platelets 97,000 and 3 — 4 — 
1940, 590,000. Electrocardiogram normal. Urine: Schlesinger (1/10) -p. 
Ewald test meal: (1942) ac. 50/70 and (1946) 0/3. 

Treatment: 29—3 — 46 40 cc. Pernami »Nyco» nr. 194. 


Case 57. Cell count and Haemoglobin from ear and sternal blood. 
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Case 58. A. D.R. $ aged 70. Born is—l—u?6, Krodsherrad (lid nr 
SOSSjdS). ' • 

Occupation: Ex-carpenter. 

Since 1933 treated tor high blood pressure and angina pectoris, and since 
1940 for diabetes mellitus. Troubled by eczema for many years. Since the 
beginning of 1945 progressive jaundice and dark urine. Poor appetite for a 
spell, but otherwise he feels quite well. Admitted for jaundice to the 7th 
Dept, of UUevaal Hospital 12 — 3 — 1946. 

Present condition: Skin and sclcrae jaundiced. Blood press. 155/65. 
Tongue rather smooth along its margins. Patellar and Achilles reflexes—. 
Sensation somewhat reduced in hands and feet. Temp. 37.7. Electro- 
cardiogram normal. Radiological examination of stomach and duodenum 
negative. Heart enlarged and aortnformed. Coagulation-time 10 to 15 
minutes (Gram’s coagulometer). 13 — 3 — 1946, serum proteins 6%, alb. 
3.7 %,glob. 2.3 %. Thrombocytes 293,000. Takata-r, cholesterol 133 mg. %. 
S.R. on admission 21 mm., rising to 55 mm. (14 — 4 — 1946) and sinking tc 
7 mm. on his discharge from hospital. Ewald test meal: ac. 0/1 Benzidin 
test of faeces ~. Wassermann —. Uric acid 9.3 mg %, on discharge 6 mg. 
%. Blood smear from ear: eos. 2.5 %, has. 1.5 %, band forms 2 %, poly- 


Case 5S. Cell count and Haemoglobin from car and sternal blood. 
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Case 58. Differential cell count of sternal blood. 
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morphs 35 %, lymphocytes 60 %, monocytes 1 %. Marked anisocytosis 
orthochromia, macro-megalo-cytosis. Morphology of the leucocytes nor- 
mal. 

Sternal puncture: Megalo-macroblastosis. 

Treatment: 24 — 3 — 46 20 cc. Pernami nr. 169. 


Case 59 . 1 . M. $ aged 09 . Bom 19 — 20 — 1577, Tjomo. [Ref. nr. 4674/4o) 
Occupation: Ex-road-labourer. 

In the spring of 1939 progressive lassitude and jaundice. Evald test 
meal: ac. 0/2. Hb. 55 %. Made a good recovery under treatment with Per- 
nami. In the summer of 1940 admitted to the 7th Dept, of Ullevaal Hospital 
for relapse and with his earlier symptoms. Obvious jaundice, tongue smooth, 
erythrocytes 0.85 mill, rising to 3.9 mill, under treatment with Pernami. 
Since then perfectly fit till his re-admission to the 7th Dept, in Mamh 1945, 
having latterly neglected his liver treatment. 


Case 59. Cell count and Haemoglobin from ear and sternal blood. 
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Case 59. Differentia! cell count of sternal blood. 


Sternal puncture 
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Present condition: He is pale yellow, his selerae jaundiced. Hour-o] a <s 
nails on all his lingers. Blood press. 130/80. Temp. 37.6. Lymphatic gl^ d ' s 
liver and spleen not palpable. Urine: Schlesinger 1/10 -f . Pain in legs below 
the knees. Loss of deep sensation in the lower limbs and absence of Achilles 
reflexes interpreted as indicating funicular myelosis. A radiological exami- 
nation showed arteriosclerosis of the legs below the knees, but nothing 
abnormal in stomach or duodenum. An electrocardiographic examination 
showed signs of myopathy. Uric acid 10.5 mg. %, platelets 279,000. Cho- 
lesterin 88 mg. %. Takata and formol-gel. A-. S.R. 44 to 20 mm. Bleeding- 
time 3 min. Ewald test meal: ac. 0/3. Total proteins 6.1%, alb. 4.2%, 
glob. 1.9 %. Coagulation-time (Gram’s coagulometer) 8 to 14 min. Benzi- 
din test of faeces 


Treatment: 13 — 3 — 45 40 cc. Pernami »Nyco» nr. 

2o — 4 4 d 20 cc, ft i> o 

28 — 4 — 45 10 cc. i> » » 


-5 — 45 20 cc. 
20 cc. 
15 20 cc. 


177. 
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A comparatively intensive treatment with liver injection was given 
on account of the funicular myelosis. 7 — 3 — 45 blood smear from ear: bas. 
0 %, eos. 0 %, band forms 4 %, polymorphs 28 %, lymphocytes 62 %, 
monocytes 6 %. Marked anisocytosis, macro-megalocytosis, poikilocytosis. 
ovalocytosis, microcytosis, schizocytosis. Orthochromia. formal morpho- 
logy of the leucocytes. 

Sternal puncture: Megalo-macroblastosis. 


Case GO. 1. J. $ aged 82. Born 17— 7—1804, Holmestrand. [Ref. nr. 
12224/40). 

Occupation: Ex-shopkeeper. 

Troubled for some years by increasing dyspnoea, sanginoids discom- 
fort on exertion. In the spring of 1941 failing appetite, attacks of vomiting, 
loss of weight, increasing giddiness, tinnitus and soreness of his tongue. 


Case GO. Cell count and Haemoglobin from ear and sternal blood. 
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Admitted May 1941 to the 8th Dept, of Ullevaal Hospital where perni- 

— ’S ST I ,°U *SS7S « Dept. of enevao, 
Hospital and treated for relapse. Re-admitted 14—6—46. Perfectly on 
scions, but off and on drowsy. Pain in the knees (arthrosis deformans). 
Blood press. 175/90. Tongue smooth, clean. Pulse 104, extras) s 
Lymphatic glands, spleen and liver not palpable. Areflexm of the lower 
limbs, but otherwise normal findings on an ordinary clinical examination. 
Electrocardiogram: bigemini, otherwise normal. A radiological examina- 
tion showed nothing abnormal in stomach or duodenum, but some enlarge- 
ment of the heart, arteriosclerosis, and infiltration of the right lung. Was- 
sermann -p. Ewald test meal: Congo -P. Benizidin test of faeces — • Serum 
colour 4. S.R. 46 mm. Blood smear from ear: eos. 0 %, bas. 0 %, band 
forms 4 %, polymorphs 62 %, lymphocytes 33 %, monocytes 1 %. Marked 
anisocytosis, orthochromia, microcytosis, schizocytosis, basophil punc- 
tuation. Normal morphology of leucocytes. 

Sternal puncture: Macro-normoblastic reaction, crisis. 

Treatment: 19—6—46 to 20— S— 46: 35 cc. Pernami. 


Case 61. 11. E. E aged 6S ■ Born S2—2—1S7S, Oslo. (Kef. nr. S7S5/46). 
Occupation: Ex-tnechanic. 

Since 1919 attacks of griping abdominal pain independent of meals. In 
1931, gastritis polyposa was diagnosed, and the stomach resected at the 
3rd Dept, of Ullevaal Hospital. In 1938 admitted to the 8lli Dept, of 


Case 61. Cell count and Haemoglobin from car and sternal blood. 


1946 

Rcticulo- 
[ cytes 
per inille 

Hmglb. 
per cent 

2—5 

2 

S3 

5—5 

10—5 


76 

3— 6 


54 

5—6 

4 


11—6 

50 

GO 

32—6 

58 


13—6 

70 


14—6 

42 


18— G 

15 

69 

20— 0 

4 


2—7 


79 


Erythro- 

Nucleated cells 

cytes in 
millions 

ear 1 

blood 

sternal 

blood 

, 25 

4400 

154000 

2.48 

2.2S 

■H 




162400 

2.32 

5700 


2.65 

4100 

218000 

2.98 

10000 















Lcucopoicsis J Erythropoiesis 


264 


Case 61. Differential cell count of sternal blood. 
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Ullevaal Hospital on account of lassitude. Pernicious anaemia diagnosed. 
Hb. 53%. Liver treatment successful. Re-admitted to hospital in 1944 
because liver treatment had been inadequate. Treatment with Pernami 
successful,. Admitted to the 7th Dept, of Ullevaal Hospital 26—4—1946. 

Present condition: Mentally deranged and partially unconscious, reliable 
data could not be obtained from him. Blood press. 200/105. Patellar and 
Achilles reflexes could not be evoked, and the plantar reflexes inverted. 
Some dysarthria. His pernicious anaemia seems to be complicated by a 
funicular myelosis and senile dementia. Radiological examination of the 
colon, stomach and duodenum negative, sclerosis of the aorta. An electro- 
cardiographic examination shows myopathy. The benzidin test of the 
faeces + after a few seconds. Wasscrmann Total proteins 6.5 %, alb. 
4.8 %, glob. 1.7 % (11 — 5 — 1946). Serum colour 5. Erythrocytes osmotic 
resistance: commencing haemolysis at 0.4S % NaCl., total haemolysis at 
0.32 %. Urine: Schlesinger (1/10) + S.R. 22 mm. Blood smear from ear: eos. 
1 %, has. 1 % band forms 3 %, polymorphs 66 %, lymphocytes 25 %, 
monocytes 4 %. Anisocytosis, macrocvtosis, orthochromia, micro-schizo- 
cytosis. Normal morphology of the leucocytes. 

Treatment: 5 — 6 — 46 40 cc. Pernami »Nyco» nr. 1S7. 


Case 02 D. B. £ aged 77. Born 20 — 4 — IS 00 , Sweden, [Ref. nr. 7010/ -l 5). 
Occupation: Ex-clerk. 

Pernicious anaemia diagnosed in 1938, and since then liver injections at 


Case 62. Cell count and Haemoglobin from ear and sternal blood. 
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Case 62. Differential cell count of sternal blood. 
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monthly intervals. Of late progressive lassitude and pain in the chest 
radiating to both arms, associated to some extent with giddiness. Of late 
failing appetite and loss of weight. Sleeps badly. Signs of hypertrophy 
of the prostate. No liver injections the last three years. Admitted to the 
7th Dept, of Ullevaal Hospital 18 — 4 — 1945. 

Present condition: Thin and pale. Temp. 37.7. Blood press. 190/100. 
Tongue moist, clean, not smooth. Palpable arteriosclerosis. Liver, spleen 
and lymphatic glands not palpable. Presystolic and diastolic murmurs, 
division of second heart sound along the left border of the sternum. Nor- 
mal conditions found on a neurological examination. A radiological exa- 
mination showed enlargement of the heart, calcified deposits in the valves 
of the aorta, sclerosis of the aorta. An electrocardiographic examination 
showed myopathy, bundle-branch block. Serum colour 9. S.R. 40 to 15 mm. 
Non-protein nitrogen 50 mg. %. Cholesterin 130 mg. %. Takata and for- 
mol-gel.norinal. Total protein (serum) 0.8 %, alb, 4.2 %, glob. 2.0 %. 
Uric acid 2.1 mg. %. Urine: Schlesinger (1/10) -f-. Wassermann -p. Ewald 
test meal: ac. 0/2. Benzidin test of faeces -f-. Blood smear from ear: has. 
0 %, eos. 1 %, band forms 2 %, polymorphs 07 %, lymphocytes 20 %, 
monocytes 4 %. 

Sternal puncture: Megalo-macroblastosis. 

Treatment: 25 — 0 — 45 40 cc. Pernami »Nyco* nr. 179. 
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Introduction. 


The production of synthetic rubber on an industrial scale is of 
comparatively recent date. In Sweden this production was not taken 
up until the last world war, when the reduction of imports entailed 
a serious shortage of raw rubber. Among the various methods avail- 
able for the production of synthetic rubber, the one based on the 
synthesis of chloroprene was considered to be most suitable for 
this country. The industrial application of this synthesis involved, in 
many respects, new and difficult problems. Moreover, in many 
cases experiences from similar industries in foreign countries were 
not available, as they were usually not published in view of the 
military importance of the rubber industry. This applied also to the 
problems of occupational hygiene in connection with this produc- 
tion. Certain questions of this nature had indeed been elucidated by 
the work of v. Oettingen, TIueper, Deiciimann-Gruehler and 
Willey ( 1936) on the toxicology of chloroprene, but, being an isolated 
investigation, based on animal experiments, it did not deal with several 
problems relating to industrial medicine and to occupational hygiene, 
that pressed for solution soon after this industry had started. In 
fact, it became manifest at an early date that the health of the 
employees were exposed to injurious effects by the work in these 
factories. In view of the great importance of the rubber industry 
for this country under the existing conditions, it had become very 
urgent to try and ascertain the causes of the ill-effects on the health 
of the workers and, if possible, to eliminate them, so that an 
undisturbed production could be maintained. 

The problems that seemed most important to the author, who had 
been entrusted with this task, and which determined the planning of 
this work, were the following : — 

1. Are there any indications that the work in the synthetic 
rubber industry injuriously affects the health of the employees? 
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2. What substance or substances or stages in the process of 
production can be considered to cause deterioration in health? 

3. Do experiments on animals with the substance or substances 
in question show that they are injurious to the animal organism? 

4. Is there any correlation between the observations from such 
experiments and the symptoms found among the workers? 

5. What measures can be taken to reduce the risks of ill-health 
in this industry? 
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Chapter 1. 


CHLOROPRENE AND ITS POLYMERS. 

It is known from investigations made at the beginning of the 
present century that, if acetylene is passed through saturated 
solutions of cuprouschloride in sodium- or ammoniumchloride, 
monovinylacetylene and divinylacetylene are formed. This re- 
action is due to the polymerization of acetylene under the action of 
cuprouschloride as a catalyzer (Nieuwland, Calcott, Downing, 
Carter 1931, Nieuwland and Vogt 1945). It is considered that 
activated acetylene, probably =C=.CH», reacts with normal 
acetylene, forming monovinylacetylene : 

HC=CH -f = C=CH 2 -» HC=C— CH=CH 2 monovinylacetylene 
This reaction proceeds under the action of acetylene, whereupon 
divinylacetylene is formed : 

H a C=CH-C=CH + =C=CH 2 -> H 2 C=XH-C=C-CH=CH 2 divi- 
nylacetylene 

By the addition of hydrogenchloride to the vinylacetylcne under 
favourable conditions, the product formed consists almost solely of 
chloroprene : 

HX=CII — C=CH 4- HC 1 — >HX— C— CH=CH 2 chloroprene 

Cl 

Chloroprene is a colourless liquid with a characteristic smell, 
somewhat resembling that of ethylbromide. Its specific weight at 
20 0 C is 0.9583, and at a presure of 760 mm. Iig it boils at 59.4 0 C. 
The flash-point of chloroprene is — io° C, its molecular weight 
88.46. It is soluble in ordinary organic solvents such as benzol, 
alcohol, ether, chloroform, etc. (As to its solubility in water sec 

ch. iv.) r — • 

According to investigations by Klit (unpublished) and others, 
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chloroprene after a certain induction period absorbs oxygen at a rate 
of about i volume of oxygen per volume chloroprene and per minute. 
After addition of pyrocatechin the absorption of oxygen is reduced to 
ca. 2 — 3 per cent of that value. Detailed particulars as to which 
products are formed in the absorption of oxygen could not be found 
in the literature. It has, however, been shown that acid is produced, 
probably, however, bound like a kind of lactone. Chloroprene has 
a marked tendency to polymerization, a process that takes place 
spontaneously and rapidly even at room temperature. 

If chloroprene is allowed to stand at ordinary room temperature 
with the access of air, a polymer termed a-polychloropvcne is first 
formed. It can be isolated by precipitation with alcohol or by the 
distillation in a vacuum. It is plastic, that is to say it easily changes 
its form on compressive or tensile strain and then retains this 
change of form. It is soluble in benzol. At a temperature of about 
30° C and with the access of air the a-polymer loses its plastic 
properties and in the course of twenty-four hours is almost 
completely changed into another polymeric form, the if-polychloro- 
prene. 

The f.t-polytncr is colourless or pale yellow, transparent and 
elastic, resembling soft vulcanized rubber. It is sparingly soluble 
and swells only under the action of carbontetrachloride, carbon- 
disulphide, benzol, ether and a few other solvents. Under the action 
of air the /(-polymer gradually gets darker in colour and after 
two or three weeks it is dark brown. At the same time it gets harder. 
This change it attributable to autoxidation and can be inhibited by 
treatment with anti-oxidation substances. 

If chloroprene is polymerized at higher temperature (about 
6o° C) and in the absence of oxygen, fi-polychloroprcnc is formed. 
In the distillation of this product two fractions are obtained. The 
one distils at 92 — 97 0 C at a pressure of 27 mm. Hg and the other 
at 1 14 — 118 0 C at the same pressure. Both have the characteristic 
terpenelike smell of the /3-polychloroprene. The /5-polymer is a 
relatively stable product, which has no tendency to polymerize 
further. For this reason, it is of no great importance in the rubber 
industry. 

Under certain conditions the exact nature of which is not known, 
chloroprene yields a polymer, termed a-polymer, of granular 
structure. It consists of a rather hard mass of small lustrous rubber 
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granulae. Chloroprene can also yield several other polymers if the 
conditions for the polymerization process are modified. The exact 

nature of these polymers, however, is not known. 

In analogy with the chemical structure of natural rubber, the 
molecules of which are built up of long chains of isoprenc radicals, 
it is considered that the chloroprene polymers consist of chloro- 
prene radicals linked into chains, viz : 

Natural rubber: 

— CHn — C=CH— CH 2 — CH„— C=CH— CH„— .... isoprene radical 

" CII 3 " ' ch 3 

Chloroprene polymers : 

— CHo-C=CH— CH„— CH„-C=CH-CH.— . . . chloroprene radical 

1 1 i 

Cl Cl 

Whereas the chain-formation of isoprenc radicals is a rather 
slow process, the corresponding reaction of the chloroprene radicals 
proceeds much more rapidly ; this is partly attributable to the 
Cl-atom, which serves as an activator. 

The a-polymer is considered to have a purely linear structure 
with the chloroprene radicals arranged in long chains, whereas 
the //-polymer is supposed to have a tridimensional structure with 
the chains arranged in the form of “rings”. This structure of the 
a- and //-polymers corresponds well with the different reaction 
of these substances to other chemical substances. The //-polymer 
is much more resistant to chemical action than the u-polymer. The 
exact chemical constitution of the / 7 -polymer has not yet been 
ascertained, but there are many indications that it consists of a 
cyclic dimer of chloroprene. Wc have an analogous product of 
isoprene with such a structure. In view of the small reactive 
tendency in the co-polymer, it may be presumed that the “ring”- 
formation of the chains in this polymer has been carried rather far. 

It is pointed out in the literature that the above-described 
polymers should not be regarded as distinct chemical individuals, 
but as mixtures of polymeric modifications where the one or the 
other modification predominates and determines the characteristic 
features of the polychloroprcnc (for the literature, see Carotiieus, 
Wallace, Williams, Collins, Kirby 1931, Carotiiers, Coff- 
man 1932 and Ellis 1935). 

In connection with the above description of the synthesis of 


chloroprene, a brief survey will now be given of the production of 
synthetic rubber on a manufacturing scale according to this 
process. 

. . Acetylene is produced in the usual way from carbide and water 
at the acetylene generator (A) and is then transferred to a 
contactor (B), where monovinylacetylene and, in a smaller amount, 
divinylacetylene are formed under the action of a catalyst. These 



Ci(0H), ch,»ch-c»c-ch-ch, CK,— CCI-CC1-CH, 


Fig. i. — Sketch of the process for the manufacture of synthetic rubber. 

two substances are then transferred to a column (C), where the 
divinylacetylene is separated. The monovinylacetylene is then trans- 
mitted to a second column (D), where, under the action of 
hydrogenchloride, it is partly re-formed into chloroprene and 
partly, in a smaller amount, into dichlorobutene, from which 
the chloroprene in the following column (E) is separated by 
fractional distillation. It is then forwarded to the polymerization 
departments. For the polymerization of chloroprene different 
procedures may be employed : the principal methods adopted in 
Sweden are emulsion polymerization and mass polymerization. 
Mass polymerization is carried out on a slowly rotating stainless 
steel conveyor, on which chloroprene is spread out in a thin film. 


14 









Chapter II. 


THE MEDICAL ASPECT OF OCCUPATIONAL 
PROBLEMS IN CONNECTION WITH THE 
PRODUCTION OF SYNTHETIC RUBBER IN 

SWEDEN. 

As previously mentioned, it was found rather soon after the 
production of synthetic rubber on a manufacturing scale had started 
that the workers were exposed to injurious effects from their work. 
At the beginning of 1944 the present author made the first investiga- 
tions on this subject at a small pilot plant, which had then been 
running for barely a year. Even at this plant it seemed as though the 
risks in this respect were greater in certain departments than in 
others. But, in view of the fact that the same workers, from time to 
time, might by employed at several different places in the plant, 
it was difficult to locate the precise source of the trouble. In 
subsequently started factories, where the operation was more 
rationally organized, and where the workers, generally speaking, 
were obliged to confine themselves to one stage in the work, it 
became evident, however, that only the workers in certain depart- 
ments had symptoms of ill-health. 

Among the symptoms that manifested themselves among the 
workers in the rubber industry, an adverse change in the general 
condition was most common and most marked. It was especially 
the workers in the department for fractional distillation that 
complained about this. It was found that 90 per cent of the workers 
(21) in this department considered that they had got much more 
fatigued there than by their previous employment in other branches, 
though they themselves classed the work in the synthetic rubber 
industry as light manual labour. The work in fact largelv consists 
in the handling and control of apparatuses of different kinds. The 
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fatigue set in about one month after starting work in the 
said department, but in some cases after a shorter lapse of 
time. This feeling of fatigue made itself particularly felt after 
the end of the day’s work but often persisted till the following 
morning, though it was then much less marked. Among the workers 
there were active sportsmen, whose athletic performances fell off 
considerably, so that as a rule they were obliged to give up their 
athletics after employment for some time in this industry. 

In a great many cases the fatigue was combined with a sensation 
of oppression diffusely spread over the chest. It was noticeable 
even at a steady pace of work, but became more marked in case 
of intensified effort. Many of the workers then complained of pain, 
which was sometimes so intense that it was described as “severe” 
and was localized under the sternum from the epigastrium up to the 
region of the larynx. This symptom was strictly localized in the 
said region, and no radiation to shoulder parts, back or arms has 
been reported. Like the fatigue, these symptoms became most 
marked towards the end of the day’s work, and the workers often 
had great difficulty in going from the factory to their homes. In 
many cases they had to rest repeatedly on their way home (often 
by cycle), and afterwards they were as a rule incapable of doing 
any more physical work on that day. The symptoms usually 
subsided before the next day’s work was to begin, but some 
of the men had difficulties in cycling even to their work. After 
that the work-men bad been away from their work for a few days, 
the symptoms for the most part vanished, but in case of intensified 
effort they might recur a week, a fortnight or more after the cessa- 
tion of the factory work. The feeling of oppression over the chest 
recurred among about 90 per cent of the workers in the fractional 
distillation department and about 10 per cent of the workers (12) 
in the polymerization department. 

About 25 per cent of the workers in the fractional distillation 
department were troubled with palpitation even after a slight excel - 
tion. This, however, was not a constant symptom, but usually 
manifested itself after these workers had been exposed to the effects 
of chloroprene for a considerable length of time. 

About 30 per cent of the men in the distillation department 
believed that, owing to ' the work there, they had undergone a 
marked change of disposition. They had become irritable, peevish 



and quick-tempered. A similar view was held by those arounc 
them. As these men are included in the above-mentioned group 
who believed that their general condition had changed for the 
worse, the greater irritability may possibly be a manifestation of 
general fatigue. The workmen themselves, however, did not consider 
this to be the real cause, but attributed the irritability to the effect 
of gases of some kind. 

Approximately 30 per cent of the men in the distillation and 
polymerization departments, when medically examined, showed 
signs of dermatitis. As a rule, the disease was very mild and did 
not cause much discomfort. For the most part it was located in 
places on the body which had been brought into direct contact with 
fluid chloroprene, such as the hands, as also the legs after the clothes 
had become moist with chloroprene. The author in no case observed 
any spread of the eruption from these spots, and as a rule it receded 
rather rapidly if the men protected themselves from direct contact 
with the chloroprene. 

The most striking of the symptoms among the workers in the 
synthetic rubber industry was the loss of hair. This occurred in about 
90 per cent of the workers in the mass polymerization department. 
As a rule it began at the earliest about one month after the beginning 
of the employment, but proceeded very rapidly once it had started. 
Rather often it led to complete baldness. Loss of hair on other parts 
of the body has not been observed. Even those men who had tried to 
protect themselves from direct contact with the chloroprene by 
wearing headgear had nevertheless lost their hair to the same 
extent. If the workers in this department were transferred to 
another section or were temporarily freed from work in the factory, 
the hair began to grow again after about two months. If they 
tried to resume their former work, the hair again began to fall off. 
There are workers who have lost their hair in this way up to 
seven times. 


The above-mentioned symptoms developed after continuous 
exposure to chloroprene for a considerable length of time. Acute 
cases of poisoning have also occurred in this industry, one of them 
with a fatal issue (see Ch. XT). These cases, however, should he 
regarded as accidents due to special circumstances, in which the 
workers had been exposed for a short time to a particularly intense 



effect of chloroprene. As a rule the men had then fallen into a state 
of unconsciousness, which, however, soon passed off. Generally 
speaking, the recovery of consciousness was not attended by any 
special discomfort, and the men were able to resume their work 
immediately. 



Chapter III. 


EARLIER INVESTIGATIONS. 

Hitherto merely three 1 works on the toxicology of chloroprene 
have been published, only one of which, by v. Oettixgex etal., deals 
thoroughly with the problem. The other two works, by Schwartz 
(1945) and Ritter and Carter (194S), are confined to a report 
on cases of dermatitis and loss of hair among workers employed on 
the production of chloroprene rubber. 

The first-mentioned work is based on animal experiments and is 
an investigation into the toxic effects of chloroprene at different 
concentrations and with different methods of administration, as 
well as a study of the histological organic changes in animals 
exposed to chloroprene. In the latter part of that work, the authors 
try to give an explanation of the mechanism of the injurious effects 
of chloroprene. 

As experimental animals the authors used mice, rats, cats and 
pigeons; they administered the chloroprene cutancously, subcutane- 
ously, orally and by inhalation. The investigations have made it 
clear that chloroprene is reabsorbed and has a strong toxic effect, 
whichever of these methods of administration is adopted. 

In the cutaneous application, chloroprene was rubbed into the 
dorsal skin of rats daily far nearly two months. These rats 
rather soon showed a marked decrease in weight, and at the post- 
mortem moderately pronounced degenerative changes were found 
in the liver. The kidneys showed slight signs of nephrosis and the 
spleen as a rule was hypcrcmic. It was observed that the hair at 
the spots which had been exposed to direct contact with the chloro- 
prene was very brittle. 


Since the termination of this investigation, a work by Roubai (1942) on 
the toxicology of chloroprene has become known to the present author. (Sec 
the observations on that work towards the end of this chapter.) 
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In discussing the toxicity of chloroprene after subcutaneous 
injection , the authors point out the difficulty of injecting small 
amounts, as they do not know any solvent for chloroprene that does 
not itself entail marked physiological effects. With this administra- 
tion in rats, the authors found that the “minimum fatal dose” 
(M.F.D.) 1 was 0.02 ml per g body-weight. It was found that, 
with the same amount of chloroprene, the animals died after very 
different times reckoned from the administration, which the authors 
attributed to a slow and irregular absorption from the place of 
injection. In subcutaneous injection into pigeons, the authors found 
a M.F.D. of the same magnitude as for rats, whereas in correspond- 
ing experiments on cats this dose was about a hundred times less. 

All the animals were strongly affected by the chloroprene. Their 
respiration rate slowed down and became irregular. After a time 
a rather marked dyspnea developed together with cyanosis, and 
some of the animals had asphyxial convulsions, from which they 
died. The postmortem findings showed, in general, a rather marked 
hyperemia in the organs, with more or less extensive hemorrhagic 
areas. In the liver hemorrhagic necroses were observed in a number 
of cases, and in less acute cases the liver cells formed homogeneous 
hyaline masses. The kidneys were also affected and showed de- 
generative changes of the tubular epithelium as well as small 
hemorrhages in the glomeruli. 

In oral administration on rats, the authors found the M.F.D. 
to be 0.4 ml. per rat. As in subcutaneous injection, the times that 
elapsed between the administration of chloroprene and the death 
of the animals showed great variations. At postmortem, signs of a 
marked inflammation in the stomachal cavity and guts were 
observed, indicated by a considerable swelling of the mucosa, with 
hemorrhagic areas and ulcerations. The other organs, broadly 
speaking, showed similar changes to those reported by the authors 
in connection with the subcutaneous injection. 

In determining the M.F.D. for mice on inhalation of chloro- 
prene for 1 hour, the value 3 mg per litre of air was obtained, 
but on exposure for 8 hours the corresponding figure was 0.6 mg. 
The determination of the M.F.D. for rats showed greatly varying 


1 MFD “is taken as the amount necessary to cause between 70 and 100 per cent 
of the animals to die acute deaths” (v. Oettingen). 
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values. The authors, however, consider it ascertained that the 

M F D. for rats lies between 15 and 21 mg per litie of air. 

. In the composition of the blood, v. Oettingen et al. found 
merely slight changes after the animals had been exposed to clilo 
nrene Any certain changes in the hemoglobin value or the number 
of erythrocytes could not be discovered, nor d.d there occur any 
effect on the coagulation of the blood. # , 

The effect of chloroprene on the blood pressure and l^on 
was studied by the authors in experiments on rabbits and cats. 
After less irregular variation in blood pressure at the beginning 
of the tests, a continuous fall set in, which the authors attributed 
to a dilatation of the vessels in the abdomen. The respiration, iea 
tively speaking, was quite slightly affected. A moderate decrease 
the respiration rate occurred, however, towards the nd of the 
tests, hut even when the blood pressure had fallen to low values, 

the respiration was almost normal. 

v Oettingen et al. do not precisely state the quality o ci 01 ° 
nrene used in their experiments on animals. They do not seem 
have taken into account the rather considerable change in pbaima- 
X-l dfect that occurs on the oxidation or polyn— n o 
chloroprene (see Ch. V, VII and X). As, in particular, it is y 
ddficuh to avoid oxidation in working with chloroprene, it seems 
by no means improbable that the investigations of the said authors 
do not refer to identically the same quality of «ene. °" ‘tos 
assumption, certain differences in the results oh anted, e. g. 
mortality determinations, would be quite exphcab e. 

On subcutaneous injection of chloroprene into rats v. Oettingen 
found the M.F.D. to be 0.02 ml per g of the body-weig it, an on 
om" adlistration 0.4 ml per rat. As in the case of ora admims - 
ration only the total dosage per rat has been reported Without 
tomaJ, about the weights of the animals, it is d.ffrcult to 
make a comparison; at all events, however, the oral dosage see 
to be remarkably small as compared with the subcutaneous, when 
it is difficult to believe that they are concerned with pharmacologi - 
ally equivalent chloroprene. Moreover, as the experiments we 

ATVT=.» ••difta.n chtoroprenc gimrf' in ^£1*® 
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as a rule made on series with a small number of animals, the stated 
results seem in several cases to be doubtful. 

Schwartz reports the occurrence of dermatitis among the 
workers in the chloroprene industry, as well as cases of loss of 
hair. The present author, in a preliminary communication (1946) 
has pointed out that falling-off of the hair occurs only when the 
workers come into contact with the polymers of chloroprene. The 
same view is taken by Ritter and Carter (1948), who also con- 
sider themselves to have shown that only certain cyclic polymers 
with short chains are responsible for the loss of hair. 

Roubal (1942), in a work that came to the knowledge of the 
present author after the termination of this investigation, reports 
his researches on the toxicology and pharmacology of chloroprene 
and describes certain symptoms of disease among the workers 
employed in the synthetic rubber industry in Czechoslovakia. As 
regards experiments on animals, Roubal found, broadly speaking, 
the same effects of chloroprene as had previously been noted by 
v. Oettingen et al. in similar experiments. He also examined the 
effect of polymerized chloroprene on the respiration and heart action 
of rabbits after injection, but in that regard failed to observe 
anything noteworthy. 

In the medical examination of the workers in the chloroprene 
industry, Roubal several times observed ocular symptoms in the 
form of conjunctivitis and, in two cases, injury to the corneal 
epithelium. No symptoms of a similar nature have been noted in 
the present author’s material. This may be due to the fact that 
the technical procedure in the production of synthetic rubber in 
certain respects was different (personal communication from 
Roubal). Thus, Roubal attributes the corneal injuries to the effects 
of methylvinylketone (CH3 — CO — CH=.CH.o) , a compound to 
which the workers had not been exposed to any appreciable extent 
in the manufacturing process in Sweden. 

As in Sweden, falling-off of the hair occurred also among the 
workers in the Czechoslovak rubber industry. It is note- 
worthy that Roubal had observed a loss of hair also from 
the eyebrows as well as a slower growth of the beard, a symptom 
which the present author has not noticed among the workmen m 
the Swedish rubber industry. This may possibly be due to differences 
in the degree and duration of the exposure. To what substances 
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OWN INVESTIGATIONS 




Studies on the Nature of the Chloroprene. 


Chapter IV. 

CERTAIN PROBLEMS OWING TO THE CHEMICAL 
AND PHYSICAL PROPERTIES OF THE 
CHLOROPRENE. 

Toxicological tests of chloroprene present certain special prob- 
lems owing to the chemical and physical properties of that 
substance. As pointed out by v. Oettingen et al., it is difficult 
to ascertain the effect of small amounts of chloroprene, on 
account of its slight solubility in pharmacologically inactive 
solvents. The present author has been unable to find any exact 
data in the literature in regard to the solubility of chloroprene in 
wafer. It is indeed stated to be sparingly soluble, but no figures 
are given. In determining its solubility in water by computing the 
index of refraction, the author set out from newly distilled chloro- 
prene, stabilized with pyrocatechin. Before the determination, the 
chloroprene was shaken with distilled water for 15 — 20 hours. 
Under these conditions, the solubility was found to be about 0.05 ml 
chloroprene per 100 ml water at 20° C. 

A question with which one is often confronted in experimental 
tests of chloroprene on animals, is the state degree of polymerization 
of the chloroprene on a certain occasion. In default of any satis- 
factory, practicable method, for determining the degree of poly- 
merization, it is often difficult to answer this question. Certain 
facilities for following the course of the polymerization are, however, 
afforded by viscosity determinations, even if there is not always a 
simple relation between the viscosity and the degree of polymeriza- 
tion, The author found that the viscosity of chloroprene changed 
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uniformly during the first few hours after distillation if the chloro- 
prene was kept at room temperature (i8° C) and without being 
sheltered from light or air. But after about 6 hours constant in- 
creasing values for the viscosity could as a rule no longer be obtain- 
ed. As pointed out in describing the polymers of chloroprene, it is 
almost solely a-polychloroprene that is first formed at ordinary 
room temperature. Not until its concentration has reached about 
25 per cent is the //-polymer formed. Even if the supposition that 
the viscosity may be proportional to the length of linearly linked 
molecules has not been left unchallenged (for the literature see 
Ellis, 1935), the present author nevertheless considers it justifi- 
able to regard the above-described uniform change in the viscosity 
as an indication of a continuous formation of the a-polymer. On 
the formation of the /i-polymer the uniform change in the viscosity 
is apparently interrupted, which is in conformity with the fact that 
the viscosity is irregularly changing in the presence of molecules 
of ring structures (Staudinger and Ochiai, 1931). 

In the viscosity determinations, the author used a Hoppler viscosi- 
meter. In such determinations one records the falling-time of an 
eccentrically falling ball in an obliquely placed glass tube containing 
the fluid to be examined. The records were taken at 20° C. 

The falling-times in tests with chloroprene immediately after 
distillation and during the next few hours are recorded in the 
subjoined table. Chloroprene (designated I, II and III), after 
distillation, was kept at room temperature (18 0 C) with access of 
air and without being sheltered from light. For purpose of compari- 
son, the same table gives analogous figures for chloroprene (de- 
signated IA, II A and IIIA) kept after distillation under other 
conditions: higher temperature (25 0 C) and sheltered from light 
and direct access of air. The determinations refer to chloroprene 
distilled on 6 different occasions. 

These determinations indicate that the falling-times fluctuate 
rather considerably even after a comparatively small change of the 
temperature and if the conditions in regard to light and access of 
air are at the same time modified, but that they vary with great 
regularity up to a certain time as regards chloroprene kept under 

identical conditions. . 

In view of the great affinity of chloroprene for. oxygen and its 
marked tendency to potymerization, it was considered desira 
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expressed in minutes and seconds. 


Time in 
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2' 09" 

2' 09' 

2' 20" 
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2' 11' 
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2' 46' 


to ascertain whether a progressive oxidation or polymerization 
affected the rate of evaporation. 

In fact, in animal experiments proceeding for several hours, one 
must reckon with oxidation and also with some polymerization. 
The latter, however, can be obviated by a suitable stabilizer. The 
author studied the evaporation rate (i) of chloroprene stabilized 
with pyrocatechin and ( 2 ) of non-stabilized chloroprene. In these 
determinations the same apparatus as in the inhalation tests was 
employed (see Ch. V B). The determinations were made at room 
temperature (iS° — 19° C) and the velocity of the air flowing 
through was maintained at 1. 15 litres per minute. During the first 
hour after the distillation the amount of evaporated chloroprene was 
computed every 10th minute, and afterwards every hour up to 8 
hours. It was found that the stabilized chloroprene evaporated at the 
same rate during the whole observation time. In tests with stabilized 
chloroprene that had been kept for one week, the author noted a 
decrease in the amount evaporated by about 75 mg per hour. This 
change in the rate of evaporation should presumably be attributed to 
the development of ^-polymers, the formation of which is not pre- 
vented by pyrocatechin. In non-stabilized chloroprene the evapora- 
tion during the first hour after distillation was, broadly speaking, 
directly proportional to the time, but afterwards diminished accord- 
ing as the viscosity increased. Thus, during the 6th hour after 
distillation the amount evaporating was merely about one-fourth 
of that during the first hour. 

These tests show that the oxidation of chloroprene does not seem 
to change the rate of evaporation and that constant concentrations 
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of pyrocatechin-stabilized chloroprene can still be obtained 8 hours 
after distillation. With non-stabilized chloroprene, on the other hand 
this is the case only during the first hour, after which the rate 
of evaporation rapidly diminishes. 

It is generally known that several saturated as well as non- 
saturated hydrocarbons under certain conditions are decomposed, 
in which process the formation of phosgene, amongst other products, 
occurs (Jacobs, 1944, and others). This occurs e. g. when a flame 
is burning in air containing fumes of chlorinated hydrocarbons or 
when those compounds are exposed to ultraviolet light. Tandberg 
( r 939 )> among others, has shown that the amount of phosgene 
formed in the above-mentioned way may be considerable and 
attain dangerous concentrations. In tests with an open flame, 
Tandberg obtained 29 mg of phosgene and in ultraviolet radiation 
220 mg per g trichlorethylene ; and in ultraviolet radiation of 
1 g perclilorethylene up to 297 mg of phosgene. Presumably 
such favourable conditions for the formation of phosgene from 
chlorinated hydrocarbons occur very rarely under ordinary con- 
ditions. But even under less optimal conditions phosgene may 
be produced from chlorinated hydrocarbons; moreover, carbon- 
tetrachloride, trichlorethylene and chloroform, kept under ordinary 
laboratory conditions, rather often contain minor amounts of phos- 
gene. Furthermore, a number of cases of poisoning which must 
indubitably be attributed to the effect of phosgene produced in 
the decomposition of chlorinated hydrocarbons are reported in the 
literature (Johnstone, 1948, and others). 

The author has been unable to find any report that the formation 
of phosgene had been observed in the decomposition of chloroprene. 
From a theoretical point of view, this possibility could not be ruled 
out, even though the relatively slight tendency to reaction of the 
chlorine contained in chloroprene argued against it. In any case, 
it did not seem possible, without further investigation, to answer 
this question. In the tests made by the author for this reason, a 
comparison was instituted between carbontetrachloride and chloro- 
prene under similar conditions. Several methods for the determina 
tion of phosgene have been proposed. Many of them are practica 
quick methods, important in view of the use of phosgene as a war 
gas. In many cases, however, these methods are not very sensitive 
and therefore not well suited for careful analysis. The author in his 
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tests has adopted especially the so-called aniline method. It is based 
on the development of diphenylcarbamide (which is sparingly 
soluble in alinine water) when the phosgene reacts with the aniline : 

COCl 2 + 4C 6 H 5 NH„ -> CO(NHC c H 5 ) 2 + 2 C c H 5 NH 2 HC 1 

By previously saturating the aniline solution with diphenyl- 
carbamide and afterwards filtering to a clear solution, this reaction 
will be very sensitive. When the reaction is disturbed by hydro- 
chloric acid as well as by free chlorine, it is necessary to free 
the gas mixture from those substances. This was effected by the 
expedient that the gas, before absorption in the aniline water, was 
passed through wash-bottles containing mercury. The heating of the 
carbontetrachloride and the chloroprene was effected by immersing 
a glowing glass rod repeatedly into a beaker containing the respec- 
tive substances. With carbontetrachloride the author obtained a 
greyish-white precipitate, the melting point of which was found to 
be 237 0 C, which tallies well with that of the diphenylcarbamide. 
which is 236° C. On the other hand, no precipitate was produced 
with chloroprene, whether non-stabilized or stabilized with pyro- 
catechin. After addition of pyrocatechin to the carbontetrachloride 
in the same amount as that used in the stabilization of the chloro- 
prene, a precipitate of diphenylcarbamide was still obtained, which 
would indicate that this stabilizer in itself does not prevent the 
development of phosgene. 

In radiation with ultraviolet light, the author used an ultraviolet 
lamp of 120 W, provided with a reflector permitting a good con- 
centration of the rays. The source of light was placed ca. 7 cm over 
the surface of the liquid, and the radiation proceeded for several 
hours. The gases produced, as in the preceding test, were first sucked 
through wash-bottles containing mercury and were afterwards passed 
through aniline water saturated with diphenylcarbamide. In tests 
with carbontetrachloride a precipitate of diphenylcarbamide was 
produced also in this case, though in a smaller amount than on the 
previous occasion. On the other hand, no precipitate was obtained 
with chloroprene. 

In some tests the author adopted a method for the detection 
of phosgene that had been proposed by Anger and Wang (1938). 
It is based on the fact that phosgene with phenylhydrazinc 
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forms diphenylcarbazid, which with cupric salts produces compounds 
with an intense violet colour: 

COClo + 2C 6 H 5 NHNH 2 CO(NHNHC c H 5 ) 2 + 2HC1. 

This reaction, according to the said authors, is very sensitive and 
responds to amounts down to 0.5 y phosgene. Heating with a 
glowing glass rod as well as ultraviolet radiation were tried also with 
this method. With carboiitetrachloride the characteristic colour 
showed up beautifully, whereas it was in no case obtained with 
chloroprene. 

These tests have shown that phosgene is formed by carbon- 
tetrachloride, but not by chloroprene under the given conditions. 
Tandberg and others had previously found similar experimental 
conditions to be very favourable for the formation of phosgene 
from carbontetrachloride as well as from several other chlorinated 
hydrocarbons. As it does not seem possible to show factors which 
could be more favourable for the development of phosgene from 
chloroprene, it may be stated, with the greatest probability, that 
we need not reckon with the development of phosgene from chloro- 
prene, either in laboratory tests or in its use for industrial purposes. 
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Studies on Animals. 

Chatter V. 

THE EFFECT OF THE CHLOROPRENE ON THE 

MORTALITY. 

A. Subcutaneous injection. 

By using a finely graduated injection syringe, it was found possible 
with sufficient precision to administer amounts down to 0.000125 
ml per g of the body-weight at weights of about 300 1 l,rc 

chloroprene and stabilized oxidized chloroprcne could be tested in 
this way, whereas the polymeric forms could scarcely be injected, 
especially on account of their high viscosity. 

From a practical point of view, it was considered important to 
ascertain whether the toxic properties of chloroprene were changed 
by oxidation. It must in fact be expected that the chloroprene to 
which the workers are exposed in the factories had in many cases 
undergone oxidation processes. In this form of administration, the 
author therefore tested two different qualities of chloroprene. 

The author has had the advantage of procuring the chloroprene 
in sealed ampullae from the laboratory of the Swedish Rubber 
Research Institute at Uppsala. The basic material for the other 
kinds of chloroprene tested by the author consisted of chloroprene 
from the factories, which had been stabilized there with pyrocatechin 
or thiodiphenylamine. This chloroprene was distilled by the author 
in an ordinary distillation apparatus, with water cooling. The author 
took the fraction that had distilled over at 59°4 C, but always 
separated the first amount from the distillate, which otherwise as. 
a rule would have been cloudy. Stabilization was then again made 
with pyrocatechin. Before tests were made with chloroprene that had 
been stored for some length of time, it was always first tested for 
the occurrence of polymers by the addition of alcohol. At the 
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least sign of precipitation, it was considered that it did not 
satisfy the requirements for non-pofymerized chioroprene. The same 
rule was applied if the chioroprene had assumed any colour, of 
if its characteristic smell had changed. 

The author studied the toxicity (i) of chioroprene which, after 
distillation, had been kept in sealed glass ampullae in nitrogen 
atmosphere and (2) of chioroprene which, after distillation, had 
been stabilized with pyrocatechin and had then been kept with- 
out shelter from air for some days. The first-mentioned non- 
oxidized chioroprene was injected immediately after the ampullae 
had been opened, but not until it had been stabilized with pyro- 
catechin. For a satisfactory stabilization, one need merely add 
ca. 0.5 g pyrocatechin to 100 g chioroprene. It having been found 
that injection of a 0.5 per cent aqueous solution of pyrocatechin in 
amounts corresponding to the presence of that substance in the 
injected chioroprene had no toxic effects on the animals, it was 
considered probable that in tests of the pyrocatechin-stabilized 
chloropren the effect on the animals must be attributed solely to the 
chioroprene. 

The tests were made on white rats of a strain that had been 
fed on the same full diet for a considerable length of time. The 
injections were made as uniformly as possible in regard to place, 
depth and rate. The author used 20 animals for each concentration. 
The minimum amount injected was 0.000125 ml per g body- 


Table II. Mortality after siib- 


Dosage 
ml per gram 
body-weight 

— 

Non-o.vidized chioroprene 

Mortallity within 2 days 

Mortality within 7 days 

Number 
of 20 

Deduced value* 

Number 
of 20 



per cent 


per cent 

O.OOOI35 

0.00025 

0.0005 

O.o or 

0.002 

0.004 

0.008 

0/20 

3/20 

7/20 

10/20 

ir/20 

11/20 

13/20 

0/85 

3/68 

10/58 

20/55 

31/56 

42/58 

55/63 

0 

4.4 

17.2 

36.4 
55-3 

72.4 
88.7 

0/20 

4/20 

8/20 

12/20 

12/20 

16/20 

15/20 

0/73 

4/57 

12/49 

24/49 

36/53 

52(61 

67/72 

0 

7.0 

24.5 

49’° 

67.9 

85.2 

93-o 


* This value is estimated according to Behrens. (See Burn, *937-) 
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dose was 0.008 ml per g boci) ^eig 

t0 The d rLts from these tests are shown in table II and in Fig. 

2 if ^'evident that the toxicity of the two tested qualities are 
considerably different. The difference is more pronounced m t 
observations made after 2 days than in these made a ter 7 * 9 *- 
As regards the first-mentioned observation period DL , 0 ot no 
oxidized chloroprene showed to be some more than 0.002 ml per g 
body-weight, whereas DL 30 of oxidized chloroprene amounted to 
0.000s ml. Thus it was found a difference of about 0.0015 ml 
between the dosages that killed 50 per cent of the animals, that is 
that oxidized chloroprene is about 4 times as toxic as non-oxidized. 

After 7 days DL 30 of non-oxidized chloroprene, however, was 
found to be 0.001 ml per g of body-weight, whereas with oxidized 
chloroprene the value was 0.0005 ml which is the same as m .the 
observation after 2 days. The difference of DL 30 between oxidized 
and non-oxidized chloroprene was now merely 0.0005 ml. 

In the tests with the oxidized chloroprene 47 animals survived 


the whole period of observation, whereas with the non-oxidized 
chloroprene 73 animals survived longer than that period. The mean- 
value for the time that the animals had survived after injection 
of the respective amounts, with a single exception, was distinctly 


cutanous injection into rats. 


Oxidized chloroprene 

Mortality within 2 

days 

Mortality within 7 days 


Deduced value 


Deduced value 

Number 



Number 



of 20 


per cent 

of 20 


per cent 

0/20 


O 

0/20 

0/ 47 

O 

6/20 


16.2 

6/20 

6/ 33 

18.2 

8/20 


45-* 

9/20 

15/28 

53- 6 

18/20 


86.5 

19/20 

34/36 

94-4 

19/20 

51/54 

95-4 

19/20 

53/54 

98.1 

18/20 

69/71 

97.2 ‘ 

, • 20/20 

73/73 

100. 0 
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lower for the oxidized than for the non-oxidized chloroprene, and 
the different “time of survival” were better grouped around their 
means in the former than in the latter kind of chloroprene. 

In subcutaneous injection into rats v. Oettinget? estimate 
M.F.D. to be 0.02 ml per g body-weight. Even taken into account 
that v. Oettingen and the present author have not computed the 
fatal dosage in the same manner the difference between the 
values is considerably marked. The discrepancies may, of course, 
be due to many different factors. It is generally known that different 
strains of the same kind of animal as well as differences in the 
diet may affect the results. The author s toxicity tests have also 
shown that different results are obtained from oxidized and non- 
oxidized chloroprene, which indicates the importance of precisely 
stating the kind of chloroprene to be tested. 

B. Inhalation. 

In the inhalation tests, the author caused pressure air to pass 
through a gasometer and a manometer to a glass flask on the 
bottom of which an evaporation vessel with chloroprene had been 
placed. From the glass flask, the chloroprene-eontaining air was 
then transferred to the cage where the animals were exposed. By 
reading the amount of air that had passed and computing the loss 
of weight in the evaporation vessel, the concentration of chloroprene 
in the inspired air was calculated. (See Fig. 4.) 

In these tests, it was found necessary to use only ground-in 
glass stoppers for the flasks and, as far as possible, to replace 
rubber tubes by glass tubes, as otherwise losses of chloroprene 
resulted. The author empirically found a suitable size of the evapora- 
tion vessel and was then able to obtain the evaporation intended by 
regulating the velocity of the pressure air. When a test was 
extended over several hours, the author supplied chloroprene during 
the course of the test, in order to avoid appreciable differences of the 
level in the evaporation vessel and thus also changes in the rate 
of evaporation. 

In view of the practical importance of this whole investigation, 
it was considered to be of quite special interest to study the effects 
on animals after inhalation of small amounts of chloroprene for 
a considerable length of time. The concentrations of chloroprene 
m these tests were adjusted so as to be representative of the 
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chloroprene concentrations found in analysis of the air within the 
actory premises where chloroprene occurred in largest amount. 
Only m exceptional cases did these concentrations exceed 1.2 me 
per litre of air; on the other hand, smaller amounts than o-> mjr 
per litre of air were rarely found. In the animal experiments 


Pressure air 



Fig- 4- — Apparatus for the inhalation tests. 


these two concentrations were tested for 5 months, with a daily 
exposure of 8 hours. It was found possible, with the above indicated 
inhalation technique, to keep these concentrations practically con- 
stant, with merely minute fluctuations of less than ±0.03 mg per 
litre of air. 

In order that the chloroprene, from a toxic point of view, 
should be as uniform as possible, it was necessary daily to use 
freshly distilled and stabilized chloroprene. This was also essential 
in order to keep the evaporation rate practically constant. For each 
concentration, the author used 10 adult male rats, besides which 
he had 3 control animals for each series. During the daily exposure 
the animals did not receive any food or drink: they were not 
supplied with food and drink until they had been transferred, after 
the exposure, to the cages where they were usually fed. This applied 
also to the controls. At the end of each week the weight of the 
animals was controlled, besides determinations of the hemoglobin 
as well as counts of the red and white cells. The determinations 
were always made after the termination of the exposure for the 
day. (As for the blood-values, see Ch. VIII A.) 

Moreover, the urine was weekly examined, by Schlesinger s test, 
for the occurrence of urobilin. 

Particular interest attaches to the group exposed to a concentra- 
tion of 1.2 mg per litre of air. These rats were rather markedly 
affected after the first exposures. They became sluggish and 
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apathetic, consuming but little food and drink during the first 
10—14 days after the start of the experiment. This diminished 
ingestion of food manifested itself also in a considerable decrease 
of weight, particularly marked during the first week. After about 
a fortnight, however, the animals’ appetite improved, and then- 
need of food and drink seemed to be, broadly speaking, the same as 
that of the controls. The continuous loss of weight (see Fig. 8, 
p. 52) should not therefore be attributed chiefly to lack of sufficient 
food, but mainly to a toxic effect of the chloroprene. During the 
course of the test, 5 rats altogether died, one in the 6th week, two in 
the gth and two in the 13th week. 

In view of the usually very pronounced degenerative changes 
that occur in the liver after exposure to chloroprene (sec Ch. XI), 
one might expect to find urobilin in the urine as an indication 
of a functional disturbance of the liver. The presence of that 
pigment in the urine was in fact observed by v. Oettingen in 
a number of cases. The present author, however, found, that 
urobilin occurred in his material comparatively seldom and 
very irregularly. Only in six out of the ten animals in this series 
could urobilin be detected. In one of the animals Schlesinger's 
reaction happened to be positive in the 7th week, but otherwise 
urobilin did not occur until the 8th and following weeks. The 
reaction as a rule was relatively feeble, and even in some 
cases with a rather marked positive reaction during one week the 
reaction during the following week might be negative, afterwards 
again showing the presence of urobilin. It should be mentioned here 
that three out of the five animals that died did not show a positive 
Schlesinger reaction on any occasion, and that the two others did 
not show urobilin to any greater extent than had occurred in four 
out of the five survivors. This indicates that, even after exposure 
to a relatively high chloroprene concentration, the liver may 
nevertheless continue to function sufficiently well to prevent any 
appreciable disturbance of the urobilin circulation. 

In the series where 10 rats had been exposed to 0.2 mg chloro- 
prene per litre of air under otherwise the same conditions as in 
the preceding group, none of them died in the course of the whole 
experimental period. These rats, moreover, were much less 
affected than those in the other series. Only during the first 
few days could some apathy in the rats be noticed, as well as some 
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loss of appetite. It was not, however, so marked that any loss in 
weight could be recorded. Nor did the rats lose weight during the 
further exposure, and their consumption of food was quite equal to 
that of the control animals. In examining the urine for urobilin, the 
author did not find a positive Schlesinger reaction in any case. 

v. Oettingen et a 1. exposed 10 rats and 20 mice for three months 
to the same concentration as the author had used in the last 
described series. They do not, however, record the length of 
the daily exposure time, nor do they state whether newly distilled 
chloroprene had been used. The variations in the concentrations 
from 0.1 to 0.3 mg chloroprene per litre of air are indicative of 
varying evaporation rates, which may have been due to chemical 
changes in the chloroprene. One of the ten rats died in the 5th 
week and another one in the 7th. Among the mice the mortality 
was considerably larger, totalling 9 deaths in the course of 3 
months. 

The effect of chloroprene in inhalation of the higher concentrations 
has been considered, in view of the practical purpose of the 
investigation, to he of minor interest. In three experimental series 
the author, however, has studied the mortality in rats that had 
been exposed for 8 hours to chloroprene concentrations of 3.5, 
10 and 17.5 mg per litre of air. Each series consisted of 10 animals. 
In these tests freshly distilled, pyrocatechin-stabilized chloroprene 
was used, and the same exposure technique as in the above described 
long-time experiments was adopted. The animals were followed up 
to 48 hours after the beginning of the exposure. 

It appeared from these tests that a concentration of No m S 
of chloroprene per litre of air killed all the animals within 48 hours. 
As, however, 60 per cent of the animals died at a concentration 
of 10 mg of chloroprene per litre of air, it seems probable that 
even a lower concentration than 17.5 nig would have caused a 
hundred per cent mortality. With the same method of administration 
and the same exposure time, v. Oettingen considers that the 
minimal fatal dose (MFD) for rats lies between 15 and 21 mg 
chloroprene per litre of air. As these figures are based on very small 
series with very unequal results, the “security” does not seem to be 
particularly convincing. As v. Oettingen has not stated the precise 
chloroprene quality tested, a direct comparison with the presen 
author’s own mortality figures can scarcely be made. 
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Chapter VI. 


THE EFFECT OF THE CHLOROPRENE ON THE 
CIRCULATION AND RESPIRATION. 

In a series of experiments on rabbits and cats, v. Oettingen et al. 
studied the effects of chloroprene on the circulation and respira- 
tion during inhalation. The chloroprene was supplied to the 
animals through a tracheal cannula, and the blood pressure was 
estimated at the carotic artery. The blood pressure and respira- 
tion were recorded in the usual way by a cymograph. The said 
authors found a similar course in all their experiments. Minor 
irregularities in pressure and respiration were noted immediately 
after the administration of chloroprene, but then a continuous fall 
of the arterial pressure set in as well as a somewhat slowed 
respiration. The latter, however, was still almost intact even towards 
the termination of the tests, when the arterial pressure had reached 
its minimum. In order to ascertain the cause of the observed 
fall of blood pressure, the authors studied the effect of chloroprene 
on isolated frog’s heart according to Straub. In these tests, the 
heart was exposed “to vapors of chloroprene and even to liquid 
chloroprene by dropping it on the organ.” No effect on the 
contractility of the heart was, however, noted. 

The possibility that chloroprene might have a central point of 
attack and affect the blood pressure via medullar}' centres was 
studied in experiments on cats. v. Oettingen et al. caused ammonia 
to be insufflated into the animals’ nostrils, in order rcflcxivelv to 
stimulate centres in the medulla. Chloroprene did not seem to reduce 
the effect of such activation, and the authors accordingly inferred 
that the substance had no depressant effect on medullary centres. 

Another question raised by the said authors was whether the 
fall of the blood pressure might be due to a direct effect of chloro- 
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prene on the peripheral vessels. This matter was investigated 
by perfusing the hind legs of frogs” in accordance with the 
method of Trendelenburg. It was found that, even with very dilute 
solutions of chloroprene in water, a distinct vasoconstrictory effect 
. was obtained. 

The experiments made thus did not serve to explain the fall of 
the hlood pressure. The observed effect on the peripheral vessels 
was, of course, particularly noteworthy and apparently contra- 
dictory. However, in view of the hyperemia observed in the 
abdominal organs in other experiments with chloroprene, they 
considered it probable that the fait of the blood pressure was attribut- 
able to a dilatation of the vessels in the splanchnic region. 

The question as to the mechanism in the lowering effect of 
chloroprene on the blood pressure seemed, however, to the present 
author scarcely to have been satisfactorily settled with this suppos- 
ition. It seemed therefore desirable to endeavour to throw light 
on this problem by further investigations. The author made ex- 
periments on rabbits and cats in vivo, as well as on isolated rabbit 
and frog hearts in accordance with the technique of Langendorf 
and Straub. (See Gaddum, 1948.) The first-mentioned experiments 
were made on some thirty animals, most of which consisted of 
rabbits. The animals were operated under urethane narcosis. As 
a rule, it was found sufficient to inject about 3 ml per kg of the body- 
weight of a 25 per cent aqueous solution of urethane. In these 
experiments, the author tested the effect of freshly distilled, pyro- 
catechin-stabilized chloroprene as well as of chloroprene which, after 
distillation and rvith and without stabilizer had been kept for a 
longer or shorter space of time. The chloroprene was supplied to 
the animals by inhalation through a tracheal cannula. The chloro- 
prene was not exactly dosed, but the experimental conditions were 
arranged so that, on comparison between different qualities of 
chloroprene, practically the same amounts were supplied. The blood 
pressure was estimated firstly at the carotic artery and secondly 
at the right auricle through a cannula introduced from the jugular 
vein. The respiration was recorded from the tracheal cannula by 
means of a Marey’s capsule. In all these tests, the author took 
electrocardiograms before the exposure to chloroprene and on 
repeated occasions while the exposure was proceeding. 

As regards the respiration, the author, in certain respects, was 
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able to verify the observations of v. Oettingen. In most cases, 
in immediate connection with the administration of chloroprene, 
a brief apnea or a certain irregularity in the respiration set in. 
It was evident that these changes were most marked when the 
animals were exposed to chloroprene which had been oxidized, 
and less pronounced when freshly distilled chloroprene was used. 

The respiratory condition may be regarded as a reflex apnea, 
often occurring on inhalation of irritant vapours. The more power- 
ful effect of the oxydized chloroprene in this respect is presumably 
due to the formation of acid oxidation products, and to the /9-poly- 
mer, the development of which cannot be completely prevented 
despite the pyrocatechin stabilization, and which has a pungent 
turpentine-like smell. In some tests the author observed a slowed 
rate of respiration; this, however, was not a constant effect, being 
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absent m many cases. In all the tests, the respiration still continued 
for a short time after the heart’s action had ceased. 

The variations in the blood pressure showed a similar course 
m all the tests. After minor, transient irregularities in connection 
with the above-described respiratory disturbances when chloroprene 
was first supplied, the arterial pressure fell continuously, whilst the 
pressure in the right auricle rose. According to the amount supplied, 
these changes occurred with different rapidity and with different 
intensity. Finally, on the continued administration of chloroprene 
arrest of the heart set in, the heart stopping at diastole. No differ- 
ences in the variation of blood pressure with different kinds of 
chloroprene could be observed. As regards the electrocardiograms, 
no pathological changes could in any case be observed on the.curves. 

Especially in view of the rise, of pressure in the right auricle, 
there were indications that the changes in the blood pressure were 
attributable to a cardiac insufficiency. It accordingly seemed desir- 
able to study the effects of chloroprene on the isolated heart. This, 
as above indicated, was done by the author (i) on rabbit’s heart 
and (2) on frog’s heart. In the first-mentioned experiments the 
animals were operated under urethane narcosis. When the heart 
had been carefully washed free from blood in luke-warm Ringer’s 
solution, arrangements were made for tests according to the tech- 
nique of Langendorf. The muscle contractions from the ventricular 
part of the heart were recorded by a cymograph. The experimental 
conditions were arranged so that the heart could be supplied either 
with pure Tyrode’s solution 1 or chloroprene dissolved therein. The 
solutions were kept at a temperature of 38° C and were continuously 
bubbled through with oxygen. In order to obtain exact chloroprene 
concentrations, freshly distilled, pyrocatechin-stabilized chloroprene 
was first dissolved in aqua destillata by shaking for 15—20 hours 
at 20° C. The author has shown (see Ch. IV) that in this process 
about 0.05 ml of chloroprene is dissolved in 100 ml of water. On the 
basis of this solution, the required concentrations of chloroprene in 
the Tyrode’s solution could be obtained. The author tested severa^ 
concentrations with chloroprene amounting as a maximum to 0.5 
ml and as a minimum to 0.001 ml, per 1,000 ml Tyrodes so ution. 


1 The Tyrode’s solution was erf % NaH^O. 


2 % 


KC 1 , 0.02 % CaCL, o.o2 To 
. FLO and o.x % glucose. 


MgCL 
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The effect on the contractions of the heart muscles was ver}' marked 
at the higher chloroprene concentrations, and the amplitude of the 
responses was reduced to about one-tenth of that when Tyrode’s 
solution solely was used. According as weaker solutions were 
employed, the effect was reduced, but even at concentrations of 
0.002 — 0.003 : r.ooo it was still measurable. No change of the 
cardiac rhythm, on the other hand, could be observed either at high 


L 4. 1 i. J iUIJJi »,l_i | 


ai U4.*.l I U » M i 4-4- i 



Flg ‘ G ' Test With ch,or °P rene on is °l*ted rabbit's heart. Contractions 

of left ventricle. 

1. Only Tvrode's solution. 

3- 0.0, ml chloroprene per i.ooo ml. Tyrode’s solution 

clpLdT 1 ^ 0 " 5 ' In COn " CCti0n .1, nut, lor 

compared the coronary circulation in the case of rhin 

— 

a Sa,urated a d'"»us solution of freshly disced 

stabilized cidoropreue. T„e , after was dropped' dirT“ 


45 



cannula (rather wide at the top), filled with Ringer’s 1 solution, that 
had been introduced into the aorta. The cannula had a capacity of 
3.8 ml and, by reckoning the number of drops of chloroprene solution 
supplied, an approximate estimate of the chloroprene concentration 
could be obtained. The heart contractions were recorded essentially 
in the same way as in the Langendorf test. The fiogs heart was 
found to react similarly as the rabbit’s heart. At higher con- 
centrations it responded very quickly with a considerably 
reduced amplitude of the excursions. In tests with weaker con- 
centrations the effect was less marked, but could be distinctly 
recorded even at a concentration (approximate) of 0.01 ml chloro- 
prene per 1,000 ml Ringer’s solution. No effect on the cardiac 
rhythm w r as noticeable. 

1 The Ringer’s solution for frog’s hearth was at the following mixture:-^ 
0.0 1 % NaHC 0 3 , 0.01 % CaCU, 0,0075 % KC 1 , 0.6 % NaCl. 
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Chapter Vil. 


THE EFFECT OF THE CHLOROPRENE ON 
THE LUNGS. 

In connection with the estimation of DL.-.o on subcutaneous 
injection of chloroprene into rats (see Ch. V A), the author de- 
termined the weights of the lungs in every other animal in both series, 
i. e. those series who had received ( i ) non-oxidized and (2) oxidized 
chloroprene. Thus the two series comprised 70 animals, consisting of 
groups of ten for each concentration. Those that survived 7 days 
(168 hours) after the respective injections were then killed by a 
blow on the nape. In this way, a relatively large number of rats 
from the groups injected with small amounts of chloroprene were 
killed after 7 days, whereas almost all the rats that had received 
larger amounts died spontaneously within this time. Dissection and 
removal of the lungs was carried out uniformly for all the animals. 
The weight of the lungs in percentage of the body-weight was 
computed. This compulation was based on the body-weight at the 
beginning of the tests, it having been found that, after the injections, 
these weights were considerably affected by individual variations 
in the consumption of food. When the means of the percentages in 
each group had been computed for the two series, these percentages 
were recorded in the diagram in next page. 

The most striking fact in this comparison is the marked 
difference in effect between oxidized and non-oxidized chloroprene 
at the higher dosages. The lung weights in fact then show a 
considerable increase after administration of oxidized chloroprene, 
which increase had no correspondence in tests with non-oxidized 
chloroprene. Another noteworthy fact is the uniform variation in 
the weights of the lungs in the two series after administration of 
small amounts of chloroprene, up to 0.0005 ml per g body-weight. It 
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seems rather difficult to find any convincing explanation of the 
actual variations whilst the correspondence between these series 
must be viewed in the light of the fact that the thus recorded lung- 
weights in both series, as to about So per cent for each, refer to 
animals that had survived the observation time and had afterwards 
been killed. The toxic effect of the amounts injected had thus been 
relatively slight ; it was only at higher dosages, from o.ooi ml per g 


Weight of lungs 
in percent of body v/eighf 



48 



oxidized or non-oxidized chloroprene. Nor did the microscopic 
examination of these lungs show any noteworthy pathological 
findings. This was, broadly speaking, the case also at the hig ler 
dosages of non-oxidized chloroprene. In certain cases, however, 
slight hyperemia and a small amount of blood in some of the bronchi 
was observed. 

The postmortem findings in the lungs of the animals injected 
with oxidized chloroprene in dosages from 0.0005 ml and upwaids 
were quite different. The lungs of these animals were larger, with 
some pale-red parts, whilst other parts were darker in coloui . On 
dissection, edematous fluid issued from some of the lungs, whilst 
other showed signs of marked hyperemia. The microscopic examina- 
tion likewise showed hyperemia, with occasional, hemorrhages and, 
in many cases, a marked edema. In most of the cases emphysema 
was observed here and there. Within minor parts of certain lungs 
the alveoli were distended and thin-walled. 

In a minor material consisting of 15 rats, inclusive of 5 controls, 
the author studied the effect on the lungs after inhalation of 
chloroprene. The animals were exposed for 5 hours in air mingled 
with stabilized, oxidized chloroprene. The concentration in these 
tests was about 17 mg chloroprene per litre of air. Rather soon 
after the beginning of the exposure, the rats showed an accelerated 
respiration rate and towards the end of the experiment a rather 
marked dyspnea. At the end of the exposure period all the rats 
were killed with a blow on the nape, whereupon the lungs were 
weighed, their weights being computed in percentage of the bodv- 
weight. The mean of these percentages for the 5 controls was 
o.SS ± 0.05, and the corresponding value for the 10 experimental 
animals 1.64 ± 0.06. Thus, a rather considerable increase in the 
weight of the lungs, larger than after the subcutaneous injection 
of chloroprene, had occurred. On macroscopic inspection, these 
lungs also appeared to be more edematous, in some cases with a 
rather copious foamy fluid on incision of the lung tissue. A fluid 
of similar appearance was found also in the bronchi. The bronchial 
mucous membranes as a rule were rather markedly reddened. The 
microscopic examination in all cases showed a pronounced edema 
as well as stasis. 

The macroscopic as well as llic microscopic examination showed 
that the increase in the weights of the itnigs in both experiments 
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were attributable partly to stasis with hyperemia in the pulmonary 
vessels, partly to edema, with an efflux of fluid into the alveoli. 
In the inhalation tests the lungs appeared to be more edematous 
than after subcutaneous injection of chloroprene, where the hyper- 
emia of stasis was more marked. Whether the edema was to he 
regarded as due solely to stasis or partly also as caused by a direct 
local effect of chloroprene on the lungs could not be ascertained 
with certainty by these tests. It may be presumed, however, that 
this latter factor had a bearing on the occurrence of edema after 
inhalation, where the edema was strikingly marked in comparison 
with the stasis. In connection with the hematocrit tests (see Ch. VIII 
B), where indeed the experimental conditions were different, the 
author has also shown that the loss of plasma in itself presumably 
suffices to account for such an increase in the weight of the lungs 
as had occurred in these tests. 


5 ° 


Chapter VIII. 


THE EFFECT OF THE CHLOROPRENE ON 
THE BLOOD. 

A. Changes in the hemoglobin value and in the number 
of erythrocytes and leucocytes. 

As mentioned above in connection with the chronic inhalation 
’ tests (see Ch. V B) on 13 rats, incl. 3 controls, the author estimated 
the hemoglobin values and the number of red and white cells e\ei) 
week during the courcs of five months. 

The blood samples were taken from the tail, and the hemoglobin 
determination was made with a standardized Autenricth s colori- 
meter. 

The hemoglobin values as well as the red cell counts during the 
■ first stage of the experiment showed a distinct rise in the exposed 
animals. It seems difficult to account for this rise otherwise than 
as a “drying” effect. As the rats during the first and second week 
consumed very small amounts of food and drink, such a mechanism 
is quite conceivable. A contributory factor may also have been 
a certain loss of fluids in the blood-stream owing to the develop- 
ment of pulmonary edema. The animals that died during the course 
of the test in fact showed signs of such a pulmonary condition. 
Elsewhere in this paper (see Ch. VII), the author has shown that 
oxidized chloroprenc in particular, even in small concentrations, 
causes pulmonary edema, and that the hematocrit values rise after 
exposure to chloroprenc (see Ch. VIII B). The increase in the 
hemoglobin and red cells rather soon passed over, and was then 
followed by a decrease, which continued during the whole exposure 
peiiod. 1 his decrease affected the hemoglobin to the same extent 
as the number of red cells, and there were no marked changes in the 
colour-index. 
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Kxposnrc : 1.2 nip. cliloroprene per litre of air for S hours daily in 20 weeks. 

— exposed animals 

control animals 


• Thorough investigations into the changes in the composition 
of the blood, including tests in rats exposed to chloroprene, 
have been made by v. Oettingex. As regards the hemoglobin 
and erythrocyte values, however, they were studied mainly in 
short tests, and no certain changes in those values could then 
he established. We find in the literature comparatively few detailed 
observations into blood changes in animals caused by other aliphatic 
chlorinated hydrocarbons closely related to chloroprene. Lehmann 
and Scjimidt-Kehl (1936), for example, followed the hemoglobin 
and erythrocyte values in rabbits and cats in lengthy tests with 
dichloromcthane, tetrachlormcthanc, transdichlorethylene and tri- 
chlorcthylene. These tests yielded rather varying results, with both 
rising and falling values, during the time in which the exposure 
proceeded. Trichlorethylcne produced a distinct decrease of the 
hemoglobin values in rabbits, whilst the number of red cells showed 
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a slight rise. These tests and reports from other authors have not 
given any convincing evidence regarding changes in the hemoglobin 
and erythrocyte values on exposure to the above-mentioned sub- 
stances. Most of these tests were made on a rather small number of 
animals, and the latter were followed merely for a rather short space 
of time. 

The interpretation of changes in the leucocyte number in animals 
often presents great difficulties. Even normally, the leucocyte values 
are subject to very marked variations. According to Griffith 
and Farris (1942), the mean number is about 9,000 in adult rats, 
with normal limits between 6,000 and 18,000. In observations that 
have to be carried on for a considerable length of time, it is usually 
impossible to avoid the animals being attacked by intercurrcnt in- 
fections, which affect the number of leucocytes. This is particularly 
the case in toxicological tests where the general condition of the 
annuals is impaired. It is moreover known that other factors also, 
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such as emotional excitement or a struggle, even tor a short time 
anay give rise to changes in the white-cell picture. 

The present author followed the leucocyte number by regular 
taking of blood samples in the way described above with regard to 
hemoglobin and erythrocytes. The values varied considerably from 
time to time, but the animals exposed to chloroprene showed a rather 
marked continuous rise, which occurred to a much smaller extent 
in the controls. The differential blood-count was only carried out 
at some occasions and, though a relative lymphocytosis was observ- 
able, the author's material in this respect was too small to be 
significant. A leucocytosis was found by v. Oettixgen after a 
single injection into rats ; but in that material too, marked varia- 
tions occurred during the observation time. In the above-mentioned 
investigation by Lehmanx the leucocytes showed an increase in 
number in most of the animals that survived the whole experimental 
period. 

Also in the series of rats that was exposed to 0.2 mg per litre of 
air blood examinations were made to the same extent as in the 
preceding series. No certain tendency to a change in the blood 
values could be observed. In a few of the rats minor falls of the 
hemoglobin and erythrocyte values were recorded after some 
weeks, but they were quite temporary and, with one or two 
exceptions, were never found during two succeedings weeks. The 
leucocyte number was also remarkably constant in this series, 
and no certain deviation from the number in the control animals 
could be observed. 


B. Changes in the plasma content. 

In connection with toxicological investigations after subcutaneous 
injection of chloroprene into rats, the author has shown that the 
weight of the lungs increased with rising dosages of oxidized 
chloroprene. This increase was manifested by advancing pulmonaiy 
edema according as the chloroprene dosage was raised. It seemed 
to be of interest to investigate whether the accumulation 0 ui 
in the lungs could be recorded as changes in the hematocrit a a ues. 
In order to study these conditions, the author determine tie 
total erythrocyte volume in rats (1) before and (2) a ter 
exposure to chloroprene. 
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the tests were made on' io white rats weighing between 240 and 
310 g. The blood samples- were obtained by cuts in the tail. The 
author used a hematocrit pipette devised by Van Allen (1925), 
which was found to be very serviceable for hematocrit dcteiminations 
in animals. Contrary to Van Allen the author used heparin as an 
anticoagulant, with which the pipettes were moistened and then 
allowed to dry. In the double determinations at first made, two 
pipettes being simultaneously filled, the differences in the values thus 
obtained were so slight that a single determination was considered 
quite sufficient. On the other hand, it was found necessary always 
to provide for a satisfactory spontaneous outflow of blood in order 
to obtain reliable values. The pipettes were centrifuged for 20 
minutes at a speed of about 2,000 r.p.m. Further centrifuging did 
not change the corpuscle volume. 

The animals were exposed to chloroprene which, after distillation, 
had been stabilized with pyrocatechin. By bubbling pressure air through 
this chloroprene, the author ensured that it was strongly oxidized 
before being supplied to the animals in the exposure cage. Determ- 
inations of the chloroprene concentration in the inspired air were 
not made in these tests, as their object was only to ascertain 
whether chloroprene affected the hematocrit value, but not to follow 
the variations of the latter at different concentrations of chloroprene. 


Tabic III. The hematocrit values and plasma content of the blood 
in ten rats after exposure to chloroprene. 



< 5.5 



By maintaining the same conditions for evaporation in all the 
tests, the chloroprene concentration was kept at about the same level. 

ter first taking a normal value, the animals were exposed for 
20 minutes, whereupon the hematocrit value was again determined 
The values found are recorded in table III. The figures show the 
leadings on the hematocrit pipette. The content of plasma and the 
loss of plasma in percentage in also estimated. 

It may be seen from this table that the fall in the plasma content 
of the blood averaged n.6 per cent. Taken into account that the 
total blood volume in rats amounts to ca. 6.3 per cent of the body- 
weight (Scarborough, 1931) and that the amount of plasma in the 
exposed rats in the author’s material averages 55.8 per cent of the 
blood volume, it will be found that the blood, owing to the exposure, 
loses ca. 1 g of plasma. In estimating the increase in the weight of 
the lungs after subcutaneous injection, the author found that at 
the maximum dosage it had increased by ca. 1.25 g, which thus 
well harmonizes with the estimated loss of plasma. In fact, the 
difference of ca. 0.25 g in all probability lies within the margin 
of error for these calculations, though it might in any case be 
expected that the loss of plasma should be somewhat less than the 
increase in the weight of the lungs, seeing that there is normally 
some resorption of fluid from the tissues into the blood. 


C. Changes in the oxygen content and the oxygen 

capacity. 


Defective oxygenation of the arterial blood may be due to several 
different factors, which are to be found either on the lung side 
or on the “blood side.” The author has shown that pulmonary 


disease occurred in rats after injection or inhalation of chloroprene 
(see Ch. VII), owing to the development of pulmonary edema. 
Even if this edema was of relatively moderate degree, it seemed 
to be of interest to find out whether it caused any disturbance m 
the oxygenation of the blood. Analogous conditions are knowr 
e. g. from Laqueur’s and Magnus’ (1921) investigations into the 
pathology of phosgene poisoning, in which, however, a much mote 
marked pulmonary edema usually occurred. In view of tie pro ) 
ability that when stabilized chloroprene is kept for a consi era e 
length of time, peroxides are formed (Kbit, unpublished), it seemed 
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that a noxious effect on the blood was also conceivable. In particular, 
one might expect a formation of methemoglobin, analogous with the 
effect of several compounds with an oxidizing capacity, such as potas- 
siumferricyanide, potassiumpermanganate, potassmmchlorate, etc. 

With a view to the study of these problems, the author determined 
the oxygen content in the arterial blood of rats before and aftei 
exposure to stabilized and much oxidized chloroprene as well 
as the oxygen content and oxygen capacity in rabbits tinder 
the same conditions. It was in fact found difficult to obtain 
a sufficient amount of blood for both determinations in rats. The 
experimental series comprised 15 rats and 6 rabbits. The blood 
samples in all cases were taken from the carotic artery, which 
had been exposed under narcosis, after which a glass cannula 
had been introduced in the artery. As a narcotic, the author used 
a 20 per cent solution of ethylurethane, of which the rats received 
0.5 ml per 100 g of the body-weight, and the rabbits 4 — 5 ml per 
kg of the body-weight, by subcutaneous injection. In computing the 
oxygen content, the blood was taken direct under paraffin oil and 
immediately analyzed in an ordinary Van Slyke apparatus for the 
determination of blood gases. In most cases double determinations 
were made, with good results in regard to correspondence. A 
maximal saturation of the blood with oxygen was effected by 
causing a strong current of air to sweep over a thin layer of the 
blood, which had been collected in a wide flask. As an anti- 
coagulant, the author used heparin. After first taking a blood 
sample by introducing the cannula into the carotic artery, the 
animals were exposed to chloroprene of the above indicated kind 
by putting them in a cage in which chloroprene had been allowed 
to evaporate. The chloroprene concentration was not precisely 
determined and varied from case to case. By observing the corneal 
reflex and the general relaxation, the author tried to obtain the 
same depth of narcosis. After the termination of the exposure, blood 
samples for renewed analyses were taken in the way above described. 

The results of these determinations are shown by the followimr 
tables IV and V. 8 

In the experiments on rats as well as those on rabbits, the oxveen 
content .» all cases teas lower after the exposure to chloroprene 
than before it, and more marked in the rats than in the rabbits. 

A fail of the oxygen content in tile arterial blood in connection 
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Tabic IV The oxygen content of the arterial blood 
before and after exposure to chloroprcnc. 


m rats 


Before exposure 


19.77 
20.58 

22.78 
lS.13 
20.19 
18. rs 
21.30 

20.35 

lS.7.( 

23-04 

19.69 

22.28 
21. .84 
23-54 
21.92 


20.82 

± O..15 


After 


exposure 


17.69 

16.79 

33-20 

1 .J.02 

14.50 

14.55 

19.47 

17.17 

16.73 

18.99 

16.08 

19.32 

39-34 

20.31 

20.04 


17.22 

0.60 


Difference in per cent 
of the initial value 


10.5 
18.4 

41.8 
22.3 

28.2 

19.8 
8.6 

15-6 

10.7 

17.6 

18.3 
13-3 

11.4 

13.7 

8.7 


17.3 


with narcosis has been observed by several investigators. Thomas 
(1S9S) found this to be the case under ether narcosis, and similar 
observations have been made later, amongst others by Pitt (1927). 
According to Fuss and Derra (1930), the oxygen content in the 
arterial blood under ether narcosis is greatly dependent on the 
technique. Thus it was reduced under ether drop narcosis, but 
distinctly raised in ethyloxide narcosis. In a subsequent in- 
vestigation by Derra (1936), the latter found that the oxygen 
content was as a rule reduced in ether narcosis. In narcylene 
narcosis the conditions varied, the values being now raised, now 
lowered, and this applied also to avertin narcosis. Schaw, Steele 
and Lame (1937) found in dogs under ether narcosis a diminished 
saturation of the oxygen of the arterial blood, but, in general, a 
slight rise of the oxygen content, which was attributed to a 
simultaneously observed increase in the oxygen capacity of the 
blood. Derra thinks it probable that a decrease of the oxygen 
content in the arterial blood under ether narcosis is due to a 
diminished oxygen tension in the alveolar air, whereas Schaw, 
Steele and Lamr consider this factor, generally speaking, to he an 
insufficient explanation. With reference to the investigations of Van 
Slvke, Austin and Cullen (1922) as well as those of Cullen, 
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Table V. The oxygen content, oxygen capacity and oxygen saturation of 
the arterial blood in rabbits before and after exposure to chloroprcnc. 


The oxygen content in the 
arterial blood 

The oxygen capacity in the 
arterial blood 

The oxygen satura- 
tion in the arterial 
blood 

Before 

exposure 

After 

exposure 

Difference 

in per cent 
of the 
initial 
value 

Before 

exposure 


fi 

Before 

exposure 

After 

exposure 

16.52 

14-75 

14.63 

15.46 

16.14 

12.57 

I 5 -M 

13-88 

13-93 

13-85 

14.18 

11.56 

8.4 

5-9 

4.8 

I0.4 

12. 1 

S.o 

19.60 

15.ee 

16.39 
16.5s 
16.48 
12. 6e 

16.70 

14-32 

14.61 

14 - 77 

15- 08 
II. 6r 

14.8 

5-9 

10.9 
10.9 

8.5 

8.0 

S4.3 

06.9 

S 9-3 

93-3 

97-9 

99.6 

90.7 

96.9 

95-4 

93-8 

94.0 

99.6 

15.01 | 

13-76 | 

8.3 

16.15 

14-52 

10. 1 

92.9 

94.8 


Au stin, Kornblum and Robinson (1923) on the acid-base - 
equilibrium in the blood under ether narcosis, etc., Sciiaw et al. 
attach considerable importance in this respect to the shifting- of the 

pH towards the acid side, with the result that the dissociation of the 
hemoglobin is diminished. 

As for the pulmonary edema as a possible cause of a reduction 
of he oxygen content in the arterial blood, this content as previ- 
ously indicated, is obviously dependent on the spread of the cdeim 

ext :;;r7 and Vak Sto *** ™ ** . 

• ne obstruction involving up to two-thirds of the lung tissue 

= intense any serious disturbance/^ 

0f l '“ content 

any degree of certainty to th‘'° ' ,,,1 ’ 0r,ance can l,e attached, with 
explanation that seems to he nlonaly c<lc " ra . there is another 
experiments on rabbits it ws h ' «» authors 

of the blood fell after exoosi "° T'™! i' J 11,11 ‘ lK oxy S c " capacity 
o-xygeil capacity of the arterhn 1 ° ^ oro P rcnc - Changes in the 
Lave been observed by several «Uh narcosis 

« *>• C-eraHy speahingltw^,^ rod ^ 

cases had increased, and often mho i. }gCU cn P aat )' in sucli 
foand a rise „p to .sf ! e ^ « «'• 

explained this increase in the oxvnel m ™6galor s have 

C ° X)gCn “Pacty of the blood as an 
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attempt of the organism to compensate an anoxemia by an increase 
of the hemoglobin. 

In the author’s experiments on rabbits, the percentage reduction 
of the oxygen capacity after the exposure to chloroprene was 
about io per cent, and the diminution of the oxygen content in the 
blood fully 8 per cent. As the computation of the degree of saturation 
for oxygen in the blood before and after the exposure to chloroprene 
showed practically corresponding values, the reduction of capacity 
seems to suffice to explain the fall in the oxygen content of the 
arterial blood. 

As the author mentioned introductively, a fall of the oxygen 
capacity in the arterial blood on exposure to chloroprene seemed 
to be attributable primarily to a formation of methemoglobin. He 
investigated the occurrence of methemoglobin in the blood of rats 
that bad been exposed to chloroprene of the same kind as that 
used in the above tests. The same kind of chloroprene was used 
also in experiments in vitro, the chloroprene being added direct 
to the blood. In these determinations, the author had access merely 
to a spectroscopic method of determination of small sensitivity, 
which gave no response until a methemoglobin concentration of 
20 — 25 per cent had been reached. In the application of this method, 
no methemoglobin in the tests either in vivo or in vitro could 
be observed. But, as the reduction of the oxygen capacity in the 
above- reported experiments on rabbits in no case exceeded 15 per 
cent, it is not inconceivable that a formation of methemoglobin may 
nevertheless have occurred. Further investigations will be required 
in order to throw light of this matter. 


D. The Coagulation of the Blood. 

At autopsy of animals poisoned with chloroprene, v. Oettingen 
et al. frequently found infarcts and emboli in various organs. 
As it appeared possible to those authors that this might be an 
indication of the tendency of the blood to clot more reaci} 
after exposure to chloroprene, this problem was taken up or 
investigation. For the purpose of such determinations merely .ve 
cats were used. In connection with these experiments, certain 0 ier 
determinations of the properties of the blood were : made, sod. as 
the surface tension, the viscosity, the fragility of tie re 
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the cell volume as well as the dry residue of the cells and of the 
plasma. No certain change in the coagulation time was, however, 
noted, nor any marked change in the physical properties or composi- 
tion of the blood in the respects investigated. 

In the present author’s animal material, findings of emboli and 
infarcts had not been very frequent. At operation of animals exposed 
to chloroprene, the author observed, however, that bleeding from the 
cut surfaces was far less marked than in animals merely narcotized 
with ethylurethane. In view of this fact and as v, Oettinoen s 
investigations had been made merely on a small number of animals, 
it seemed desirable to take up coagulation determinations for 
renewed testing on a larger animal material. 

For these tests, the author used 40 white rats, weighing from 255 
to 330 grams. The coagulation time was estimated (1) before the 
rats had inhaled chloroprene and (2) afterwards. He used chloro- 
prene which, after stabilization with pyrocatechin, had been kept 
in a glass bottle without shelter from light. Most previous 
determinations of the coagulation time in rats seem to have been 
made on blood taken from the tail. In this way, however, merely 
small amounts of blood are obtained and it is often difficult to 
get a spontaneous flow, so that special manipulations have to be 
adopted, with the risk that fluid from the tissues mingles with 
the blood, thus affecting the coagulation time. The present author 
took the blood samples from the carotic artery, after the rats had 
been narcotized with ethylurethane. The operations were performed 
with the least possible surgical intervention and with a very small 
loss of blood. 

The effect of different narcotics on the coagulation time has been 
studied by several investigators both on man and on animals. 
Mendenhall ( 1915) in tests on cats found that chloroform and 
chloral hydrate did not appreciably change the coagulation time, 
but that under ether narcosis it was shortened, on an average, 
by 15 per cent of. the normal time. This effect, however, scarcely 
manifested itself in case the adrenals were removed. In ether 
narcosis of dogs Seaules (1939) noted a reduction of the coagula- 
tion time by about 9 per cent, and suggests that this’ might be due 

to a simultaneously observed increase in the number of throm- 
bocytes. 


The present author has not been able 


to find any statement regard- 



g the direct effect of ethylurethane on the coagulation time 
although this substance has long been extensively used as a narcotic 
m experimental investigations on animals. Thus, Forbes and 
Hompe (1921) used cats narcotized with ethylurethane in studies 
of the effect of carbonmonoxide, illuminating gas and benzole on the 
coagulation time. 

The author, in a small number of cases, has studied the coagula- 
tion time in rats before and after narcotizing with ethylurethane 
of the same concentration and amount as in the coagulation de- 
terminations after exposure to chloroprene. The rats received 


subcutaneous injections of 0.5 ml, per 100 g body-weight, of a 
20 per cent ethylurethane solution. In these cases the blood was taken 
from the tail. In view of the small amount of blood obtainable 
with this procedure, another method for determination of the 
coagulation time than in the other tests (referred below) had to be 
adopted. After an incision in the tail, three drops of blood were 
collected on a well-cleaned watch-glass. When light rocking of the 
watch-glass ceased to cause any movement of the blood, it was 
considered that coagulation had set in. The time from the moment 
when the blood had been dropped on the watch-glass up to this 
stage was recorded as the coagulation time. Like all other methods 
for determination of the coagulation time, this procedure is not 
exact. Variations in the time required for taking the blood sample 
may be a source of error. But, in view of the purpose of this 


investigation, even a method that was not quite accurate seemed to 
be serviceable. The intention in fact was merely to ascertain whether 
the ethylurethane narcosis possibly entailed such marked changes 
in the coagulation time that they must be taken into account in 
judging the effect of the chloroprene thereon. The result of this 
investigation, which was made on 10 rats, is shown by the following 
table. 

To judge by the figures, it seems that ethylurethane narcosis, 
given under the aforesaid conditions, has no effect on the coagul- 
ation time. . . 

As pointed out above, the usual methods for the determination 

of tire coagulation time are marred by sources of error, ven 
if there is some difference in this respect in different methods, the 
selection of the procedure seems to be of subsidiary impoi anc 
On the other hand, it is essential that the technique adopted shod 
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Table VI 


Time of coagulation before and after etbylure.l.ane narcoait. 


Case No. 


I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 


Time of coagulation 


before 

narcosis 


2.36 

3* IS 

l.f>7 
2.05 
2.13 
I.S6 
2.71 
3- = 4 
I.98 
2.54 


2.38 


II 


after 

narcosis 


2.25 

3.30 

1.82 

1.53 
1.95 
2.1 1 

3-°~ 

3.28 

1.43 

2.98 


3 • 


Difference 


0.1 1 
-0.1S 

■ 0.15 
0.52 

0.28 

• 0.25 
•0.31 

- 0.04 
O.J 5 

■ O.44 


O.OQ 


Index 1I/I 


95-3 

105.8 

109.0 

74.6 

S7.4 
H3-4 
Hi. 4 
101.2 
72*2 
117-3 


9S.S 

± 5- oG 


be applied under strictl) r standardized conditions, in order to obtain 
comparable values. After testing several different methods, the 
author adopted the following procedure : — 

After inserting a glass cannula into the carotic artery, an equal 
volume of blood was introduced into the same graduated Hllenuan 
tube. It was immediately provided with a rubber stopper, where- 
upon it was placed in a big centrifugal tube, containing water 
heated to 19 0 C. The tubes were then gently rockened while the blood 
was carefully watched. When it became so viscous that it could 
scarcely follow the movements of the tube, it was considered that 
coagulation bad set in. The determination of this stage is chiefly 
a matter of experience, which is a weak point in this and many 
other methods for determining the coagulation time. The author 
found, however, that the time within which there was some 
difficulty in observing this moment did not exceed 10 seconds. His 
tests showed that this source of error was of no appreciable im- 
portance and was outweighed by the simplicity of the method as 
compared with many others. 

When, in this way, an initial value for the coagulation time 
in animals had been obtained, they were exposed to chloroprene 
for about 30 minutes. For this purpose, they were placed in a 
cage with a relatively high, hut not exactly fixed, chloroprene 
concentration, as the object of the experiment was to find out 
whether exposure to chloroprene, regardless of variations in its 
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concentration, entailed any change in the coagulation time. After 
the termination of the exposure the coagulation time was again 
determined, in the manner above described. The result of these 
determinations is recorded in the following table : — 


Table VII. Time of coagulation before and after exposure to chloroprene. 
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The coagulation time, in all cases but two, was shorter after the 
exposure to chloroprenc than before it. 1 lie difference i ai ies 
considerably as regards the different animals, lying within the 
limits — 0.14 to +2.59 minutes. The mean of the difference 
was 0.69. The marked deviation may lie due to various factors. 
The coagulation time before the exposure showed a relatively wide 
range of variation, with a maximum of 4.37 minutes and a minimum 
of r. 52. When the initial value was higher, the difference, as 
expected, was usually more marked. As the chloroprenc concentra- 
tion was not constant in the different exposures, this too may have 
conducted to the varying differences. How far this may have been 
the case will not, however, be discussed in this paper. 

It has thus been established that chloroprenc has a coagulating 
effect on the blood. The mechanism, however, has not as yet been 
ascertained. Here the author merely suggests the possibility that the 
greater tendency to coagulation, in view of the loss of plasma which 
has been shown to occur in connection with exposure to chloro- 
prene, may be due to some drying of the blood. 


5 — 8051 1 8 
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Chapter IX. 


THE EFFECT OF THE CHLOROPRENE ON 
THE KIDNEYS. 

At the postmortem examination of rats that had been exposed 
to chloroprene, the author, as well as v. Oettingen, in a number of 
cases found degenerative changes of the tubular epithelium in the 
kidneys. Rather often it was observed to be necrotic. The kidneys 
moreover showed signs of a general stasis, and sometimes minor 
hemorrhages were detected in the glomeruli. Renal lesions of such 
a serious nature have been observed when the animals had been 
exposed to comparatively high doses. These lesions must evidently 
have caused a considerable functional disturbance of the kidney, 
as most of these rats had been affected with anuria, sometimes even 
during the period of exposure. 

In the light of these facts, the author considered it desirable, 
particularly from a practical point of view, to ascertain how far the 
renal function was impaired in animals that had been exposed to a 
smaller amount of chloroprene, and to investigate whether a possible 
disturbance of function was reversible. 

Among various tests of renal function, the author selected a 
clearance of the ureal nitrogen, mainly for the reason that such a 
method had been described in detail and carefully tested on rats 
by Farr and Sjiadel (1936). In determining the ureal nitrogen 
in the blood and urine, the author followed the directions given bj 
Ohlsson (1942) except that it was computed merely in 0.05 ml of 
blood, instead of 0.1 ml. In order to avoid fluctuations in the 
clearance value owing to different foods, the rats during the tests 
received only milk. For the purpose of habituating the rats to a 
milk diet, it was introduced five days before the beginning of the 
clearance period. The amount of milk was fixed relatively low, at 
30 ml per twenty-four hours, because the rats after the exposure 
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. • _ {>% r <mv lareer amount, and 

to chloroprene usually tad "° Cr ™ pty supplied should he 

it was considered important received front a glass 

uniform throughout the tes s. emission 

from faeces or other impuntics. « r anccs 

Farr and Smadel estimate the normal value • ‘ ‘ 

in rats at 109 + 3.1 ml. As the author, however, used a Afferent 
diet it was thought necessary to determine the normal value under 
these modified conditions. The determinations were m c 

course of 28 hours. During this time the urine was collected S 
two periods of 17 and 11 hours each. At the end of the first penod 
a blood sample was taken. The clearance number was estimator 
for both periods. The test comprised n rats, so that a>2 clearance 
values were obtained. The author found a mean value ot 


7.4 ± 0.4 ml. • . , 

The effect of chloroprene on the renal function was studied by 

tests on rats who, before the clearance test, had been exposed to a 
chloroprene concentration of 5 mg per litre of air for 6 hours. The 
animals were followed up for a fortnight and clearance deter- 
minations were made both immediately after the exposure and 
in the course of the 4th. 6th, 10th and 14th day. Altogether fi\e 
rats were thus examined. The clearance values found are shown 
by the table below. 

Tlie author found a normal clearance value on the first day, but on 
the fourth day after the exposure the renal function is considerably 
disturbed. This disturbance persists, except as regards one of the 


Tabic Vni. Clearonco values found in five rats nftcr 
exposure to chloroprene. 


Days 


Clearcncc values found 

in 5 rats 


1 

II 

III 

IV 

V 

0 

7.4 

7-4 

7.9 ■ 

7-3 

7- 1 

4 

j.j 

4-* 


0.9 

2.7 

0 

7- 2 

4- 2 

5-8 

3- 2 

•t.° 

IO 

7-5 

5-4 

Cm 

5-5 

3-4 

14 

7-3 

7-9 

6.7 

IO«o 

7-4 
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rats on the 6th and ioth days, but the function nevertheless shows 
an improvement with higher clearance values throughout. It is seen 
from the values obtained 14 days after the exposure that the renal 
function is again satisfactory, with clearance values on a level with 
the original figures. 

The tests have actually shown that, when rats under above 
mentioned conditions are exposed to chloroprene the renal function 
is disordered, the clearance value falling to more than 50 per cent 
of the normal. This fall is most marked in the course of the first 
few days after the exposure, but the value gradually rises and 
after 14 days the renal function seems to have been restored to 
normal. 
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Chapter X. 


THE EFFECT OF THE CHLOROPRENE ON THE 
CENTRAL NERVOUS SYSTEM. 


When v. Oettingen, in his above-mentioned work, states that 
“Chloroprene affects the central nervous system, as illustrated 
by the progressive depression observed in all animals used in the 
different types of experiments,” he presumably means that animals 
exposed to chloroprene show a considerably diminished motor 
activity. These observations of v. Oettingen on changes in the 
behaviour of the animals in connection with exposure to chloro- 
prene have on the whole been confirmed by the present author 
in his experiments on animals. They usually sit immobile in 
their cages, budging only when irritated. They no longer move 
restlessly searching for food. The present author, however, 
considered that this change in the animals could not, without 
further investigation, be attributed to injury of the central nervous 
system. He therefore thought it desirable to test the effect of 
chloroprene in this respect with a technique that would permit 
sufficiently accurate registration of a relatively uncomplicated re- 
action from the central nervous system. For several reasons, the 
author found it expedient to study the sensitivity of the nervous 
system to chloroprene by investigating the narcotic effects of that 
substance. In analog}' with similar experiments with other chlorinat- 
ed hydrocarbons, it should in fact be possible to obtain a relatively 
simple reaction in the animals, affording facilities for reliable 
registrations. In view of the practical purpose of the present work, 
it was also considered important to throw light on the narcotic 
effect of chloroprene by experiments on animals. It had in fact 
happened on some occasions that workers in synthetic rubber 
factories had been affected with transitory loss of consciousness 
in connection with intense exposure to chloroprene. 



Jom a practical point of view, it was considered most urgent 
o ry and ascertain whether the narcotic effect varied with different 
qualities of chlor-prene, whereas a graduation of the narcotic 
eficct according to different concentrations was thought to be of 
minor importance. The author therefore looked about for a method 
particularly well adapted for the first-mentioned purpose. ICnoefel 
and Murrells (1935) technique seemed to meet the case. Its 
principal features are as follows : — A mouse is put in a glass flask 
of known volume containing a certain gaseous concentration of the 
substance the narcotic effect of which is to be tested. If the flask 
is rotated, the mouse will at first keep its balance, but according 
as the narcotic effect makes itself felt, it will gradually lose control 
of its movements. It will slip, roll round, and so forth. Lindgren 
(1946) notes a stage where the mouse lies on its back for 30 
seconds, and terms the time that has elapsed from the beginning 
of the experiment up to the end of this stage the “time of induction.” 
By comparing the “time of induction” according to the different 
substances supplied, relative values for the degree of narcotic effect 
are obtained. 

The present author, adopting a system proposed by Ahlmark 

(unpublished), noted the times for the reactions “slips for the 

first time/' "dorsal position for the first time,” “dorsal position 

30 sec.” and “lies as still as a parcel.” As these stages may be 

judged different!)', it seems necessary to define the precise reactions 

denoted by these designations. “Slips for the first time” (stage I) as 

a rule is easily observed if attention is concentrated on the animal s 

posture. Owing to the slip, the animal momentarily loses its balance 

and shows a characteristic oblique posture of the body. Dorsal 

position for the first time” (stage II) signifies that the animal rolls 

over on its back. As a rule it immediately recovers its footing. 

“Dorsal position 30 sec.” (stage III), on the other hand, means that 

the animal lies on its back for the said time. In interpreting tins 

designation, the present author reckoned the time that had elapsec 

from the beginning of the experiment to the moment when tie 

mouse had lain on its back for 30 seconds. Finally, the designation 

*.• / -rtr\ 4-^ efroff* in WHICH 


m, the present auinor rcunuucu me * 

beginning o£ tile experiment to the moment when the 
mouse nnd lain on its back for 30 seconds. Finally, the designation 
■'lies as still as a parcel" (stage IV) refers to the state m 
titc animal is unable to get on its feet, despite o many 

‘°For S °be exposure, the author used a flask having a capacity 
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of 2.5 litres (height 25 cm, radius 5-6 cm), with a comparatively 
wide neck and provided with a cork. Through the cork was stuck 
an S cm glass rod at the lower end of which was placed a piece o 
gauze, on which the desired amount of chloroprene was dropped. 
The rotation was effected by rolling the flask to and from on a 
table for a distance of i metre and at a speed of about 40 metres 
per minute. The author first placed the animal in the flask and 
then dropped chloroprene on the gauze, whereupon the flask' was 
quickly corked and the rolling immediately stai ted. 

As, in narcosis experiments with the above-described technique, 
it is obviously of great importance rapidly to obtain the desired 
concentration of chloroprene in the flask, the author studied the 
evaporation rate of the chloroprene as compared with that of ether. 
For these tests, the author used a sensitive balance and recorded 
the lapse of time from the moment when a certain equal amount 
of chloroprene or ether had been dropped on filter paper on one 
of the scales until the balance had returned to its original position. 
The conditions with regard to temperature, barometric pressure, 
etc. were similar to those in the rolling experiments. It was found 
that chloroprene evaporated very rapidly, and at almost the same 
rate as ether. This applies particularly to chloroprene that had 
been kept, after distillation, under nitrogen or carbondioxide 
in sealed glass ampullae. Under the stated conditions, this quality 
of chloroprene completely evaporated within 45 seconds. Oxidized 
chloroprene evaporates at a slightly slower rate than non-oxidized. 
Polymerized chloroprene likewise evaporates quickly, though not 
quite completely, which tallies with the well-known fact that the 


polymeric forms arc less volatile than pure chloroprene. 

These evaporation tests have thus shown that, under the stated 
conditions, the intended concentration of pure or oxidized chloro- 
pienc is very raj) idly obtained, whereas it must he expected that 
the concentration of the polymeric forms, which, as stated, arc 
less volatile, will not completely correspond to the amount supplied. 
But, as the author primarily intended to ascertain the differences 
in the narcotic effect of different qualities of chloroprene, a minor 
defect in the concentration of the polymeric forms was not con- 
sidered to be of essential importance. 

In accordance with his own experience and that of others, Lixn- 
CR EN indicates the conditions that should be fulfilled as regards 
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the animals m narcosis experiments of this kind. He notes that 
no selection had been made in regard to sex, as both sexes seemed 
to react much in the same way. As for the weight of the animals 
INDGREN points out that, broadly speaking, there is a direct pro- 
portionality between the weight and the "time of induction,” as he 
had in fact shown in a series of tests with ether. 

In tests with chloroprene, the present author investigated whether 
the weight of the animals actually affects the "time of induction.” 
He tested stabilized chloroprene that had been kept for a consider- 

"Indudion lime” 
fn 

mfnules 


S - 

4 • 

3 • 

a 

1 

14 17 20grom 

I'ig. io. — Weight and time of induction. 


Weigh! of 
, mice 


able length of time at room temperature and without being 
screened from light. The test was made on 50 mice, whose weights 
varied between 11 and 19 g. As the "time of induction ’ he reckoned 
the time that had elapsed from the beginning of the test until the 
mouse had lain on its back for 30 seconds. He found that the time 
of induction” was extended according as the weight of the animals 
increased ; but whether this rise was directly proportional to the 
increase in weight could not be determined without extending the 
experimental series. The author’s results, however, do not conflict 
with such a proportionality. 

In the narcosis experiments made by the author with different 
qualities of chloroprene, the weight of the mice averaged 1S.25 g 
±0.27, the range being between 15 and 24 g. 
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The amount of chloroprene supplied in these tests was o.i nil, 
except in the last one, where 0.2 ml was supplied in order to give 
a satisfying concentration with regard to the eventually less volatility 
of the polymerized qualities. 

The number of animals tested is mentioned under the respective 
Figure. 

As previously pointed out, chloroprene has a great affinity foi 
oxygen and a marked tendency to polymerization. As a rule, there- 
fore, in working with chloroprene, we must expect oxidation and 
polymerization products, unless special precautionary measures 
are taken. It seems therefore to be of great interest to try and 
ascertain how far oxidation or polymerization modified the effect 
of the chloroprene on the central nervous system. As regards 
oxidation, it seemed that this matter could be best studied by 
comparing the narcotic effect of oxidized chloroprene with a 
chloroprene obtainable, so far as possible, in a chemically pure 
form. In these experiments, the author made such a comparison with 
redistilled chloroprene which, after distillation, had beep kept under 
a nitrogen atmosphere in close glass ampullae (this chloroprene 
is designated here by the letter A). 

In narcosis tests with this chloroprene in accordance with the 
above indicated method, the chloroprene was used immediately after 
the ampulla had been broken. In this way the test could be carried 
out within the latency time during which no oxidation had as yet 
taken place (Ki.it). In the author’s first experiment (see Fig. 11) 
the narcotic effect of this chloroprene was compared with the 
effect of the same chloroprene after it had first been oxidized 
by causing oxygen to pass through the chloroprene for about 10 
minutes (this chloroprene is denoted by the letter A,). It is seen 
from the Figure that the narcotic effect differs considerably in these 
two qualities. It is already noticeable even after a brief exposure 
to chloroprene, but becomes more marked according as the narcotic 
effect increases. With chloroprene A lf the narcosis stage III is 
already reached after 14 minutes, whereas with chloroprene A it 
is not reached until after the lapse of 26 minutes. As the sole 
difference in chemical respects that seems to exist between the 
tested chloroprene qualities is an oxidation, the more powerful 
narcotic effect of chloroprene A t must in all probability be attributed 
to oxidation products that had been developed. During the brief 
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space of time required for these tests there is in fact no reason to 
xpect that any polymerization forms had yet been produced 

m the rCSuItS from the test with chloroprene (denoted 

) o Jtamed by ordinary laboratory distillation of technical chloro- 
prcie are illustrated. This chloroprene (B) was used immediate^ 
after distillation. Here too there is a distinct difference in the 
narcotic effect as compared with chloroprene A, though not quite 



Fig. ix. — Narcosis tests with dif- 
ferent qualities of chloroprene. 

Quality A tested on io mice 

- Quality A j tested on 7 mice 

The difference (12.07 ± 0.74) between 
"the induction time” (Stage III) of 
A and A x is statistically significant. 


Fig. 12. — Narcosis tests with dif- 
ferent qualities of chloroprene. 

Quality A tested on 10 mice 

--Quality B tested on 9 mice 

The difference (9.44 i 0.76) between 
"the induction time" (Stage III) of 
A and B is statistically significient. 


so marked as in the preceding test. In this case too the difference 
seems to be due to oxidation. It may in fact he presumed that, 
in view of the marked affinity of chloroprene for oxygen, the condi- 
tions in an ordinary laboratory distillation suffice to cause a rapid 
occurrence of oxidation. 

The greatest difference in narcotic effect was observed on com- 
parison with chloroprene which, after distillation, had been stabilized 
with pyrocatechin and afterwards had been kept for some time 
in an uncorked glass bottle without screening from light (here 
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designated B t ). It is seen from Fig. 13 that the narcosis stage III 
is already reached with this chloroprene after about 8 minutes. The 
possibilities of far-reaching oxidation had evidently been very 
favourable with this chloroprene, and it is also probable that the 
powerful narcotic effect had been mainly due to oxidation products. 
It is, however, conceivable that a certain amount of /1-polymers 
may also have been formed and conducted to the said narcotic 




Fig. 13. — Narcosis tests with dif- Fig. 14. — Narcosis tests with dif- 
ferent qualities of chloroprene. ferent qualities of chloroprene. 

Quality A tested on 10 mice Quality B tested on 9 mice 

Quality B x tested on 15 mice Quality B t tested on 15 mice 

The difference (17.57 ± 0.74) between The difference (8.13 dr 0.84) between 
"the induction time" (Stage III) of "the induction time" (Stage III) of 
A and Bj is statistically significient. B and Bj is statistically significient. 

effect. As the author shows below, the narcotic effect increases 
according as the polymerization proceeds. 

In Fig. 14 the author has compared the narcosis tests with 
laboratory-distilled chloroprene (B) and pyrocatechin-stabilized 
chloroprene (Br). This comparison is of special interest, as these 
two qualities represent chloroprene that had often been used in 
laboratory experiments, but which also occurs in the production 
of synthetic rubber on a manufacturing scale. The narcotic effect 
is relatively high in both cases, but distinctly higher for the chloro- 
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“ bee " exposed *° air and !ight ior a 

The author considered it also of interest to ascertain whether 
the narcotic effect was influenced by the degree of polymerization 
He accordingly allowed newly distilled chloroprene to stand for 
one day, or for two days, without a stabilizer. In comparing these 
qualities and freshly distilled chloroprene, Fig. 15, one finds 
a certain difference, though on a minor scale. As previously 
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C 0 — non-polymerized cloroprene tested on 15 mice 

- - Q — chloroprene, polymerized for 1 day tested on 5 mice 

C» — chloroprene, polymerized for 2 days tested on 5 mice 
The difference (2.2 G + 0.42) between "the induction time" (Stage III) 
of C a and C : is statistically significant. 


noted, reservation must be made for the possibility that the 
polymeric forms may not have completely corresponded to the 
amount supplied, as the polymers are less volatile than pure chloro- 
prene. The obtained effect is likely to be greater if the evaporation 
had been total. Moreover, it is conceivable that the change in the 
narcotic effect, at any rate in part, may have been due to oxidation 
products, the formation of which cannot be avoided in tests 
like these. 
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Chapter XI. 


POSTMORTEM FINDINGS. 

In the following an account will be given of microscopical findings 
mainly from organs which it was of special interest and importance 
to examine in connection with the present author s experimental 
investigations on animals. Firstly^, as regards the lungs, a com- 
parison with control animals was as a rule made, as it is by no 
means unusual that the lungs of laboratory animals “normally 
show several pathological findings. 

In the acute tests hyperemia with edema was the commonest 
finding also in the present author’s material. The edema was most 
marked in the inhalation tests, but occurred also after injection 
of chloroprene. In some lungs there was not only an efflux of fluid to 
the alveoli, but also an interstitial edema. In such cases one could 
rather often observe thin-walled, greatly distended alveoli and, in 
several preparations, a distinct emphysema occurring in patches, 
especially in the marginal parts of the lungs. This emphysema 
usually developed rapidly in the course of one or two hours, and may 
be regarded as a so-called compensatory emphysema, A similar 
picture is well-known from phosgene poisoning (Laoueur and 
Magnus, 1921), though in such cases the edema in the lungs as a 
rule is more marked than after exposure to chloroprene. 

In the experiments in which the present author tested oxidized 
chloroprene, the pulmonary damage, with the same amounts of 
chloroprene, was more marked than when freshly distilled chloro- 
prene was employed. In long-continued inhalation tests on rats 
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exposed to a concentration of 0.2 mg per litre of air for 8 hours 
a day in the course of five months (see Ch. V B), the pulmonary 
changes were inconsiderable. In some cases a purulent bronchitis 
occun ed with round-cell foci round the bronchi. But, as this 
symptom was found also in one of the control animals, and as it is 
not a rare phenomenon in laboratory animals even if they have 
not been used for experimental purposes, these findings cannot be 
attributed to the effect of chloroprene. In the experimental series 
where the animals were exposed to a chloroprene concentration 
of 1.2 mg per litre of air during the same period as above stated, 
a slight hyperemia usually occurred in the lungs, and in some cases 
minor hemorrhages in the parenchyma. Symptoms of a moderate 
pulmonary edema were observed in some of the animals, but 
no emphysema. 

Pathological changes in the heart have been very sparse in the 
author’s material. In the acute tests no cardiac lesions could as a 
rule be observed macroscopically or under the microscope. After 
inhalation of chloroprene (1.2 mg per litre of air) for some length 
of time, slight degenerative changes in the heart muscles, with 
sarcolysis in a few cases, occurred in some of the animals. 

The most marked changes in connection with exposure to chloro- 
prene were found in the liver. After a short exposure with relatively 
low concentrations of chloroprene, they consisted of a more or less 
marked, mainly capillary, hyperemia. At higher chloroprene con- 
centrations degenerative changes occurred, with decomposition of 
the liver-cells, especially periportally. In some preparations necrotic 
foci were observed here and there. As a rule fatty changes occurred 
merely to a slight extent. In the animals that had survived the 
tests for some length of time, there were signs of reactive processes, 
with granulation tissue. 

The renal lesions were mostly confined to the tubuli contorti, 
with degenerative changes of the tubular epithelium and here and 
there slight fatty changes. These changes, however, did not appear 
until after a relatively intense exposure to chloroprene. When the 
chloroprene concentrations amounted to 5 uig per litre of air or more 
for 6 hours, the glomeruli were also affected, with exudate in the 
capsular spaces. 

In some brain preparations from rabbits that had been cause 0 
inhale chloroprene, a moderate hyperemia was observed throug tout 
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in the cerebral and meningeal blood vessels as well as a perivascular 

edema ; but no hemorrhages could be seen. 

As previously mentioned, a case of mortality due to acute chloro 
prene poisoning occurred among the workmen in connection with 
the production of synthetic rubber in Sweden. This . happened in 
the cleaning of a “latex” container (polymerization vessel) which 
was to be freed from accumulated rubber waste. The workman in 
question went down into this container without observing the 
prescribed precautions, such as blowing air through it. The vessel 
therefore came to contain residual gas consisting mainly of chloro- 
prene and which, owing to its weight, had been concentrated in the 
lower part of the vessel. When the man had been about 20 to 30 
seconds on the bottom of the container, he was observed to stagger 
and collapse. He was extricated from the container after about three 
or four minutes, but then showed no sign of life, and all attempts 
at resuscitation were in vain. 

At the postmortem 1 the chief changes found were in the lungs 
and air passages. The lung tissue everywhere contained an abundant 
amount of a rather thin, blood-coloured fluid. In the anterior 
parts of the lungs this fluid contained air. In the larynx, - trachea 
and bronchi the same kind of blood-tinger fluid was found, but here 
mingled with much froth. The microscopic examination of the lungs 
showed marked hyperemia of the blood vessels and a copious 
amount of thin fluid everywhere in the lung tissue. 

The course of events in this case, the postmortem findings as 
well as observations from experiments on animals make it possible 
to judge the probable cause of the death. The workman had ven r 
soon (after about 3° seconds) lost consciousness, so that he was 
unable to keep his balance. This effect was doubtless due to the 
action of the chloroprene on the central nervous system. The 
experiments on animals had shown that chloroprene has a strong 
narcotic effect (see Ch. X) and the author has pointed out that 
acute cases of poisoning with transient loss of consciousness had 
occurred in the factory premises before the hygienic conditions 
had as yet been improved. The rapid sequel indicates that the 
workman had been exposed to a very high chloroprene concentra- 
tion which probably had soon led to a central respiratory arrest. 


1 The postmortem examination -was made by Docent H. 
State Institute for Medical Jurisprudence, Stockholm. 


Sjovall, M.D., the 


79 



Parallel with this effect, the gas had had a direct action on the 
respiratory passages, which had resulted in a pulmonary edema. It 
is not improbable that this edema to some extent had been also 
caused by a stasis in the pulmonary circulation by a failure of the 
heart action, in analogy with the observations made by the author 
in experiments on animals. 
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Chapter XII. 


DISCUSSION. 

The experimental investigations on animals have, in several cases, 
shown that oxidation as well as polymerization changes the pharma- 
cologic properties of chloroprene. The author has, for example, 
found that the mortality in rats is considerably greater on the 
subcutaneous injection of oxidized, as compared with non-oxidized, 
chloroprene and, in studying the effect of chloroprene on the central 
nervous system that the narcotic effect increases on oxidation and 
polymerization. The “supermortality” observed on the injection of 
oxidized, as compared with non-oxidized, chloroprene should 
probably be attributed to a cardiopulmonal insufficiency in the 
animals to whom the first-mentioned quality of chloroprene had 
been administered. The lungs of those animals in fact showed a 
continuous increase in weight, with intensification of the edema and 
stasis, according as chloroprene was supplied in increasing amounts. 

In view of the author’s investigations into the effect of chloroprene 
on the heart, it may be presumed that the pulmonary changes are 
to some extent attributable to a failing heart action. In all prob- 
ability, the oxidized chloroprene with its acid products also has 
a directly injurious effect on the lungs, with resulting edema. This 
is indicated by the fact that the pulmonary edema was particularly 
marked on the inhalation of oxidized chloroprene. The subcutaneous 
method of administration does not rule out the possibility of a 
directly injurious effect on the lungs, as such an effect may occur 
after chloroprene has been supplied to them via the blood. A similar 
mechanism has been described by Deichmann e't al. (1944) on the 
injection of kerosene into rats. 

In recording the blood pressure at the carotic artery in rabbits 
and cats in connection with inhalation of chloroprene, the present 
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author has verified v. Oettingen’s results from similar experi- 
ments. The present author considers the fall of the blood pressure 
to he a manifestation of a depressant effect on the heart. He in fact 
observed a dcstinct effect of this nature in experiments with chloro- 
prene on isolated rabbit’s and frog’s heart. It seems hard to under- 
stand that v. Oettingen did not observe any such effect in ana- 
logous experiments on frog’s heart in accordance with Straub’s 
technique. Even if different qualities of chioroprene had been used 
in v. Oettingen’s and the present author’s experiments, this 
scarcely seems to he a convincing explanation, as the author could 
not observe any ascertained difference in the effect of different 
qualities of chioroprene on the blood pressure in experiments on 
rabbits in vivo. In default of a direct effect of chioroprene on isolated 
frog’s heart, v. Oettingen supposed that the observed fall of the 
blood pressure irom the in vivo tests was attributable to a, pre- 
sumably active, dilatation of the abdominal blood vessels. 

It seems to the present author that there are no cogent reasons 
for such an assumption. The frequently occurring hyperemia in the 
abdominal organs after exposure to chioroprene should, instead, 
lie regarded as a stasis hyperemia due to failing heart action. In 
perfusion experiments on frogs in accordance with Trendelenburg’s 
technique, v. Oettingen found a vasoconstrictory effect of chioro- 
prene on peripheral vessels, but he does not report any tests that 
would have shown a dilatator)' effect of chioroprene on the ab- 
dominal vessels. 

As previously mentioned, the increase in the hematocrit value 
of the blood may also be referred to disturbance of the circulation 
and should he mainly attributed to a loss of plasma in connection 
with pulmonary edema due to stasis in the puhnonaiy circulation. It 
seems moreover by no means improbable that the viscosity of the 
blood may he increased by the loss of plasma, thus intensifying 
its coagulative tendency. The mechanism would thus he analogous 
with that in phosgene poisoning, where the coagulation time is 
reduced owing to drying of the blood. True that v. Oettingen 
did not find any increase in viscosity in his experiments on cats, but, as 
no particulars are given about the quality of chioroprene used, no 
decisive importance can be attached to this test. 

The. anemia observed in connection with long-continued imaa 
tion tests on rats should probably be attributed to a toxic injury oi 
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the blood-forming organs and can scarcely be of alimentary 
character, even if this might be indicated by the simultaneous loss 
of weight. In fact, setting aside the first few days after the ex- 
periments had been started, the ingestion of food by the exposed 
animals was, broadly speaking, quite equal to that of the controls. — 
The degenerative changes in parenchymatous organs, especially liver 
and kidneys, may also be regarded as an indication of injurious 
toxic effects on the cells. 

Finally, as regards the reduced oxygen content of the blood after 
exposure to chloroprene, the author has shown by his experiments 
that it is in all probability due to a diminished oxygen capacity in 
the blood. Though the author considered it most probable that this 
diminution in the oxygen capacity was due to a formation of 
methemoglobin, he has not yet been able to adduce any convincing 
evidence in support of this view. 



Examination of the Workers in the Synthetic 
Rubber Industry. 

Chapter XIII. 

INFORMATION ABOUT THE EMPLOYEES. 

In Chapter II it has been pointed out that, on examination of 
the men employed in the synthetic rubber industry, it was found 
that only the workers in certain departments showed signs of 
ill-health owing to their work. The said groups of workers have 
been subjected to thorough examination, whereas the other 
employees have been more cursorily examined. With some few 
exceptions, all the examinations were made at the place where the 
work was carried on and thus in close connection with the exposure. 
This was considered important, as some of tire symptoms shown 
by the workers vanished or abated rather soon after the termination 
of the day’s work. 

Repeated medical examinations of the workers were made by the 
author in the course of the years 1944 — 1947. As most of the 
workers in this industry had been permanently employed during 
these years, the examinations involved continuous control of the 
same persons. It may be noted that only male workers were 
employed in the factories. Their age distribution is shown by the 
following table. 

Merely a few of the workmen in the rubber industry had 
previously been employed in any other chemical industry. Most 
of them had been employed in sawmills or else in lumbering or 
agriculture. As a rule, heavy manual labour does not occur in the 
synthetic rubber industry, the work consisting largely in attendance 
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to apparatus. The work is carried on in three shifts, with weekly 
periods. The changes of shift are timed at 6, 14 and 22 o’clock. 

The rubber factory where the most thorough medical examina- 
tions were made is situated in a sparsely populated district, and 
most of the men lived a long distance, 20 kilometres or more, away 
from the factory. While the manufacture was in an experimental 
stage merely some thirt}' workers were employed, whereas at a 
later date, when the industr}' had been extended, they numbered 
about two hundred. All the men who might conceivable have been 
exposed to any noxious substances from this manufacture were 
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Name : 
A dress : 


Born on the / 
Occupation : 


i 


■ * ! 

Previous employment : 


Employed in the synthetic rubber industry since: I 

Principal work in the factory: 


Exposure to Chloroprene : 


Hcriditary conditions : 

Previous diseases: 

Subjective, symptoms : 

Observed first time: 

Fatigue (impaired state of health) : 

Pressure and pains over the chest: 

Palpitation of the heart: 


Headache : 


Giddiness : 


Irritability : 


Dermatitis : 


Loss of hair : 


Other complaints: 


Status : 


General condition : 


Throat and oral cavity : 


Heart : 


a) percussive heart limits: 


b) sounds: 


c) rytlim: 


Blood' pressure: 


Pulse : 


Pulm : 


Abdomen : 


Skin : 


Reflexes : 


a) pupillary reflex : 


b) patellarv reflex: 


c) Babinsky: 


Romberg : 


Laboratory tests : 


SR: 

Heller: 

HB: 

A linen : 

Red cells: 

Urine sediment: 

White cells : 

Schlesinger : 

Differential count: 



Fin. 16. The examination was made in accordance with this schedule, 
but with some deviations where necessary- 
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indications of their physical and mental health and conespondcd 
well with the hygienic conditions at the establishment where they 
worked. Soon after this industry had started most of the workers 
were incapable of any work or other effort during their free time 
and had to devote it entirely to rest. But, according as the medical 
examinations proceeded and the managers or foremen could be 
given suggestions or instructions for improvement of the hygienic 
conditions, the leisure-time occupations were resumed and before 
long they were being carried on to quite the same extent as by 
workers in other industries. 

In studying the workmen's anamnesis, it was found, that merely 
a few of them had had any serious diseases. Those cases where 
it was conceivable that an impaired condition of health might 
possibly be due to a disease which had formerly been passed through 
were not included in the author’s material. A similar remark applies 
in regard to any temporary ailment that might be expected to impair 
the worker’s capacity. 

As regards the symptoms (found in examinations according to 
the schedule in page 86) of disease among the workers and 
their distribution according to the different departments, the reader 
is referred in essentials to the statements made in Chapter IT. The 
differences or special features in this respect found in the different 
factories will be mentioned further on in connection with a report 
on the investigations in those establishments. 
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Chapter XIV. 


AT THE PILOT PLANT. 

A. Distribution of symptoms. 

The author’s first medical examination of workers in the rubber 
industry was made at the beginning of 1944 at a pilot plant, which 
had then been in operation merely for a comparatively short 
period. This factory was housed in old-fashioned, cramped premises 
with defective hygienic conditions, and lacked special safety 
regulations for the workers. As the different departments were 
not properly separated, and as many of the workers circulated 
from one department to another, it was not possible to form any 
distinct idea as to how the symptoms were distributed according 
to the different departments. In the table below the distribution 
of the symptoms is estimated on the basis of the whole number 
of workers (thirty) in this factory, without reference to de- 
partments. 

Thus, despite the circulation of the workers in this factory 
between different departments, the incidence of disease symptoms 


Table X. Distribution of symptoms among the workers 
at the pilot plant. 


Symptoms 

The pilot 
plant 

30 workers 

Fatigue (impairment of health) 

Pressure and pains over the chest .... 
Palpitation of the heart 

12 40 % 

9 3° % 

3 10 % 

3 10 % 

5 ca. 1 7 % 

6 20 % 

3 % 



Loss of hair 
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among them was high. As the author had pointed out t, tins was 
due l hygienic defects of different out 

Tuty 1 Z "Xh die author afterwards found at 

r rr p :r - 

accordance with the above schedule yielded ven few dptt no 
findings. In most cases, moreover, they could scarcely be supposed 
to have am' connection with the work at the factory anc , g • 
speaking, were already known to the men before they were emp 3 
i„ the synthetic rubber industry. There occurred, for example, 
a case of Addison's disease, as also one of asthmatic bronchitis, 
and in two of the men a bloving cardiac murmur was heard. 
These men had previously been examined at a medical c line an 
it was considered that they had no organic heart disease. 

The result of the investigation as a whole indicated mainly 
a very satisfactory state of health among the workers, which badly 
corresponded with the subjective symptoms that occurred 
among them. 


B. Blood examinations. 

As regards the laboratory tests, only the hemoglobin and reel 
cell figures will be discussed here, as they were the only findings 
that showed pathological values. T. hesc blood values were determined 
by the author on four different occasions in the course of the 
vears 1944 — 1945. For the Hb-determination he used a standaulizcd 
Sicca hemometer (ioo c /o I-Ib = 19.0 volume per cent oxygen) and 
made the sampling and readings in accordance with the instructions 
given for the use of this apparatus. The blood-cell count was made 
with the aid of a Biirker chamber in the usual way. — In the table 
below the mean values for hemoglobin and red cells from the thirty 
workers at the different examinations are recorded : — 


Tabic XI. Hemoglobin and Erythrocytes (15 workers). 


Occasion of examination 

Hemoglobin 

Erythrocytes 

Jcv.nua.ri * 9 *M * 

79-9 d: 

80.3 ± 1-3 3 
103.6 ± 1.62 
108.9 ± 1,21 

4 • 3 S 7 d: 0.215 
5.100 rb O.103 
5.176 rb 0.053 
5.1 06 0.086 

May 1944 

November 1944 

February 1945 
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. !t wlU be seen from these figures that the hemoglobin and, 
m a minor degree, the red cell counts were lower at the three 
first examinations than later. The sample last taken shows values 
that correspond well with those found by Enghoff in 1937 among 
the population from the place where the factory was situated. 
Enghoff estimates the number of red cells for healthy men between 
the ages of 18 and 29 years at 5.4 +0.06 million, and the oxygen 
capacity of the blood for the same age-group at 21.5 + 0.28 volume 
per cent. 

If the latter value is converted into a Sicca value in accordance 
with the apparatus used by the author, we find a hemoglobin per- 
centage of 1 1 3. 1. According to this comparison, the workers at the 
medical examinations in January and May 1944 appear to have 
had a distinctly hypochrome anemia, which, however, showed an 
improvement in the course of the year, so that at the beginning 
of 1945 the blood values were, broadly speaking, normal. 

Even if these workers had presumably been exposed to several 
of the substances formed incidentally during the manufacturing 
process, there is nevertheless good reason to suppose that the 
anemia had been caused by chloroprene. The author has in fact 
shown (see Ch. VIII A) that a hypochrome anemia developed in 
rats exposed for some length of time to air containing chloroprene at 
a concentration of 1.2 mg per litre of air. The author, unfortunately, 
lias no information regarding the chloroprene concentration in the 
premises of this factory, as no suitable method for the determination 
of chloroprene in air was known to him at this time of the in- 
vestigation. But, in view of the fact that the chloroprene con- 
centration in the newly built factories with far better resources 
for ventilation occasionally amounted to 1.65 mg per litre of air 
(the distillation department), it seems highly probable that the 
workers at the pilot plant had been exposed to such high chloro- 
prene concentrations as to permit the development of anemia. The 
progressive improvement in the workers’ blood status observed 
at examinations at the end of 1944 anc ^ beginning of 1945 
he attributed to the sanitary improvements made m the course 
of 1944. The chloroprene concentration necessary to cause the 
development of anemia seems to be about 1.2 mg per litre of air. 
In the author’s experiments on animals no anemia occurred viti 
a concentration of 0.2 mg per litre of air, nor did he observe any 
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anemia among the workers at the other factories, where, at any 
rate to begin with, the chloroprenc concentration m certain depart- 
ments often ranged between 0.2 and 0.8 mg per litre of an. 

The anemia observed among the workers, however, coul 
scarcely be the real cause of their fatigue, nor did it serve to explain 
their other symptoms. It was in fact found at later examinations 
that the symptoms persisted even after the anemia had been 
abolished and that similar symptoms occurred also in the two other 
factories where the workers had no anemia. 


C. Schneider Index. 

In view of the effect of chloroprenc on the heart, observed 
in connection with the animal experiments, one of which was a 
decrease of the arterial pressure, it seemed appropriate to devote 
special attention to the state of the organs of circulation among 
the workers. As the • symptoms from the thorax, with pain and 
pressure localized in the region under the sternum were specially 
marked during exertion, it was thought desirable to make these 
investigations in connection with a working load. 

For practical reasons, it was found necessary in the first place 
to adopt a procedure that could be carried out on the premises 
without interfering with the work of the employees at the factory. 
The author decided therefore, as a preliminary survey to record 
the Schneider index. This test has a limited value and has been re- 
commended by Scnx eider (1920) himself chiefly as a supplement to 
a general clinical examination. The possibility of judging cardio- 
vascular states of insufficiency with the aid of this test has been 
discussed e. g. by Feil, Petti and Park (1943). It has been pointed 
out by Scott, Bazett and Mackie (1940) that repeated records oi 
the Schneider index for the same individual for a certain period 
of time can give valuable information regarding changes in his 
capacity for work. Subject to certain reservations in regard to the 
reliability of the test, it seemed therefore justifiable to adopt the 
method as a supplement to other examinations. Merely four 
workers were tested for some length of time in accordance with this 
method. The author in fact followed only those workers whose 
Schneider index had been recorded when they took up their posts, 
or before any symptoms of ill-health had begun to manifest them- 
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solves. 1 he examinations were repeatedly resumed in the course 
of six months, during which time all these workers began to 
show marked symptoms of fatigue and thoracic pain. The tests 
were made in each case under as similar conditions as possible. 

Before the testing had started, the workers had been allowed 
to rest for about half-an-hour. For the procedure in other respects, 
readers arc referred to Schneider’s directions, which the author 
completely followed. — In the subjoined table, the mean values 
of the Schneider index for the four workers are computed for three 
periods. The first period comprises the time pending the mani- 
festation of the symptoms, the second period the time in the course 
of which the symptoms developed to their full intensity, and the 
third period the time afterwards. 


Table XII. Schneider Index. 
(Mean values of S determinations.) 


Case 

I 

II 

III 

A 

12.4 ± 0.4 

12.0 ± 0.4 

12.4 ± 0.3 

13 

r-l-s ± 0.3 

15-0 ± 0-3 

14-3 ± 0.4 

C 

15-t db 0.3 

I 5-3 ± 0.3 

15.8 ± 0.3 

D 

13 -° db o-3 

13-3 ± CM 

12.9 ± 0.2 


The figures thus obtained show that the mean values for the 
index during the different periods vary very slightly for the same 
worker, and that there is no significant statistical difference. Thus, 
it did not seem possible by this procedure to obtain any objective 
view as to the effect of the work on the employees. 

Two of the workers who had been tested in accordance with the 
above procedure afterwards were send for examination at the 
Physiological Institute in Uppsala. With the aid of Enghoff s baro- 
spirograph (1939), the respiratory minute-volume during dosed 
work on the cycle ergometer was determined. When compared with 
the normal values obtained by Enghoff at examination of healthy 
persons under similar experimental conditions, no deviations from 
the normal could be observed. 
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Chapter XV. 


AT THE FACTORIES. 

A. Distribution of symptoms. 

When the production of synthetic rubber had got beyond the 
experimental stage, operations were started on a manufacturing 
scale at a newly built factory, which employed about So workers. 
This factory was housed in modern premises, where the experience, 
in various respects, from the pilot plant had been turned to account. 
In particular, steps had been taken for improvement of the hygienic 
conditions. In view of the precautionary measures adopted, it might 
have been expected that the workers in this factory would have been 
less affected than those at the pilot plant. 

This, however, was by no means the case when operations at 
this factory were first started. Only after the lapse of some time, 
when the sanitary conditions had been brought into order, did the 
symptoms begin to recede. Thanks to the strict organization of 
the different processes of production in different premises, and 
as the workers were stationed at the same places throughout, it 
was easy to locate the places in the factory where they were exposed 
to risks. As previously mentioned, it was only the workers in 
the distillation and polymerization departments that showed symp- 
toms of ill-health, whereas the state of health in the other depart- 
ments was very satisfactory. The symptoms there were of the same 
character as among the workers at the pilot plant and quite as 
marked. The incidence of the symptoms is shown by the following 
table in next page. 

Except for the loss of hair, which was most marked in the poly- 
merization department, it was especially the workers in the distilla- 
tion department that showed symptoms of disease. This distribution 
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Table XIII. Distribution of symptoms among the workers at one 

of the factories. 


Symptoms 

Distillation 
department 
(21 workers) 

Polymerization 
department 
(12 workers) 

Fatigue (imperment of health) 

19 ca. 90 % 

19 ca. 90 % 

5 ca. 25 % 

3 ca. 15 % 

6 ca. 30 % 

1 ca. 10 % 

1 ca. 10 % 

Pressure and pains over the chest .... 
Palpitation of the hearth 

Giddiness 

1. C cl, UJ /q 

Irritability .' 


Dermatitis 

u 0 /o 

4 ca. 30 % 

11 ca. 90 % 

Loss of hair 





of the symptoms is of special interest because the fact that the 
oxidized chloroprene, in accordance with the author’s experiments 
on animals, in several respects was pharmacologically more active 
than the polymeric forms, except, however, for the loss of hair. 



Fig. 17. — Left: Loss of hair after about two months’ work at the 
polymerization department. 

Right : The same worker about seven months after the ter- 
mination of his work at that department. 


It should be pointed out that the above table represents the 
situation at. a particular examination. If consideration is paid to 
the state of health for a considerable length of time, the percentage 
figures, especially for “fatigue” and “pressure over the chest m 
the distillation department and the “loss of hair in the polymeriza 
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tion department would be still higher, lying very close to a bundled 
per cent. 

The state of health at the second of the synthetic rubber factories will be 
dealt with quite summarily, as, in size and lay-out, it closely resembled ic 
one above described. The distribution of disease symptoms among the worlcei s 
was likewise similar, but their incidence was less, which seems to be uue 
to the fact that this factory, which started its manufacturing operations 
later than the other, had been provided from the outset with effective 
safety arrangements. It was only in regard to the loss, of hair that this 
factory shows the highest incidence. As previously mentioned, it was only 
the workers in the so-called mass polymerization department that were 
affected, almost without exception, by loss of hair. For technical reasons, 
it was very difficult effectively to protect the workers against fumes from 
cliloroprene polymers, issuing from the apparatus in this department. Not 
until this process had been superseded by another, more suitable from a 
sanitary and technical point of view, did the falling-off of the hair almost 
entirely cease. 

The- examinations of the workers in conformity with the above 
outline yielded no findings of importance in this connection. But. in 
view of the subjective symptoms and the observations made in 
the experiments on animals, it was considered desirable to make 
certain special investigations, an account of which will he given 
below. 


B. Functional tests on the kidneys and the liver. 

In view of the renal damage observed in the experiments on 
animals, with distinct impairment of the renal function even after 
a relatively short exposure to cliloroprene, a renal-function test 
in accordance with Rkiirkug’s (1926) creatinin clearance was made 
as regards ten of the workers most affected. This test is well suited 
in field work, as it is easily performed and does not occupy the 
tested subject for any length of time. The test is mainly a gauge 
of the glomeruli filtration, hut to some extent also of the function 
of the tubuli, as creatinin is partly excreted through the tubular 
epithelium. (Smith, 1937.) The normal values for this method arc 
stated to be 100— 1S0 ml per minute. For practical reasons, it was 
not possible to carry out these tests during strict confinement to 
bed, but the workers were afforded opportunity for rest in a re- 
cumbent position at the establishment while the tests were pro- 
ceeding. Under such conditions there seems to have been hut little 
nslc of any marked changes in the clearance value because of in- 
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sufficient rest. The tests were made in the morning on an empty 
stomach. The samplings and analyses were made in accordance 
with Reh berg's directions. The figures for the values found are 
recorded below : — 


Table XIV. Values of Crcatinin Clearence. 


Case 

Filtration in 
ml/min. 

0. H 

127 

A. M 

162 

0. G 

126 

K. E 

124 

0. H 

148 

E. S 

119 

0. A 

176 

Iv. K 

13S 

I. 0 

no 

E. Q 

123 


The above tabulation shows that the clearance values for all the 
tested subjects lay within normal limits. 

In experimental investigations on animals, v. Oettincen in 
some cases found signs of liver insufficiency, and the present 
author also in his experiments on animals on a few occasions 
found a positive Schlesinger's reaction after exposure to chloro- 
prene. Regular control of workers in the chloroprene industry are 
recommended by v. Oettingen, in view of the possible occurrence 
of bile-pigments in the urine. The present author has in no case 
found a positive Schlesinger reaction during the time when the 
workers in the synthetic rubber industry were being subjected to 
health control. Nor, when liver-function tests were made did he 
observe any objective signs of liver damage. Functional tests were 
made as regards 20 workers, hippuric acid and thymol, respectively, 
being used for the test in 10 of these cases. In the first-mentioned 
test 6 g of sodiumbenzoate was supplied per os. The normal 
excretion of hippnricacid in the course of four hours after ad- 
ministration is stated to be 3 g, with individual variations between 
2.55 and 3.30 g. For all the men tested the values lay within those 
limits. The mean value for the 10 workers tested with hippuric acid 
was 3.12 g (range 2.70 — 3.18 g). Clinical experience has shown 
that the excretion of hippuric acid is diminished in cases of hepatitis, 


96 




cirrhosis and often in liver metastases. The test seems to give a 
reaction even where the. damage to the parenchyma is rather 
moderate. It is not so sensitive, however, as the thymol test, which 
in this respect seems to be comparable with the Hanger test 
(Brante, 1946). 

The 10 workers that had been tested with thymol had worked 
in the distillation and polymerization departments for about two 
years. All of them had at times shown very marked symptoms of 
fatigue as well as pain and pressure over the thorax. In none of 
these cases were values over 4 E. obtained. The normal values 
for the thymol test are stated to lie under 6 E. 

C. Basal Metabolism. 

According to a verbal communication from the Du Pont Co., 
Wilmington, Delaware, U.S., a strikingly large number of the 
chloroprene workers there are said to have had a lowered basal 
metabolism. 1 According to one of the statistical reports from that 
company, merely two out of 19 workers had shown normal values, 
viz. 100 % ±10. As a rule, however, the falling tendency was 
relatively moderate. 

The present author determined the metabolism in 10 workers 
chiefly employed in the distillation department. This investigation 
was made towards the termination of the observation period (1944 
— 1947), when the sanitary conditions in the factory were satis- 
factory and the men, generally speaking, showed very slight 
symptoms. For practical reasons, this investigation had to he 
conducted on the premises. It was made in the morning after 
a fast of about 12 hours. Unavoidably, some of the workers 
examined had been exposed before the test to some exertion, having 
had to cycle on their way to the factory. The determination was 
made in the usual way with the aid of a Ivrogh spirometer. 

The result of the investigation is recorded in the table in 
next page. 

The last value (No. 10) in this table may be eliminated from 
discussion here, as it was found that the worker in question was 
suffering from diabetes mellitus, which may explain the high B.M.B. 
The high figures for Nos. S and 9 may be accounted for by the fact 

1 Personal communication from Dr. George H. Gchrman. 
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Table XV. Values of Basal Metabolism. 


Case 

No. 

B.M.B. % 

Means of travelling 
to the workplace 

I 

12 

By train 


+ 6 

>■> 

3 

+ 8 

* 

4 

+ 9 


5 

+ 10 

» 

6 

+ 12 

». 

7 

+ 13 

» 

8 

+ 16 

By cycle 5 miles 

9 

-b 22 

By cycle 3 miles 

IO 

+ 76 

By train 


that they had cycled to the factory. The workers representing the 
values 2 — 7 all show plus values, which, however, lie within, or 
very near, the upper limit for the normal. Only one of the workers 
(No. i) had a lowered basal metabolism, with a value of — 12. This 
figure thus lies slightly below the lower limit of the normal value, 
— 10, but, when compared with the other values and in view of 
the fact that the examination was made under ambulatory condi- 
tions, this value probably represents a lower B.M.B. than the figure 
indicates. It is noteworthy that this worker was the only one of those 
examined in this respect who still complained of symptoms such as 
bad general condition, dyspnea, palpitations as well as pam and 
pressure over the chest. 

These investigations have not given an exhaustive reply to 
the question as to how far the metabolism is affected by chloro- 
prene: for this purpose, further investigation seems to be 
necessary. As the workers in the sequel were merely quite slightly 
exposed to chloroprene in the factory, it did not seem possible to 
obtain a larger material from there. In connection with proceeding 
experimental investigations on animals in regard to the inter- 
mediate metabolism of chloroprene in the organism, the author 
intends to study this problem also. 


D. Mass miniature radiographic examinations 
of the lungs. 

According to the above-mentioned American source, 
examination of the tangs showed that a comparably large nn*. 
of workers in the chloroprene industry had symptoms o p 


98 







ing or former pleuritis. To judge by the physical routine examina- 
tion, it seemed scarcely probable that this was the case at the 
factories in Sweden. But, as it did not seem possible to give a 
reliable answer to this question without an x-ray examination, a 
mass miniature radiography of all the workers at one of the 
factories, comprising So employees, was carried out. It was found 
that 67 of them, roentgenologically, had normal lungs. In S cases 
unilateral or bilateral sinus obliteration was found. In two of the 
workmen minor parenchymatous changes, which have been sub- 
jected to further examination, were detected. 

As a basis of comparison, mass miniature radiography of about 
400 workers employed in other chemical industries at the same 
place was simultaneously carried out. The production at these 
factories consisted mainly of ammonia and nitric acid. When the 
records were studied, sinus obliteration was found in a somewhat 
larger number of workers than in the rubber industry. Otherwise 
the x-ray findings were few and without significance in this 
connection. 

How far the pulmonary symptoms found were to be regarded 
as vestiges of pleuritis from the time during which the workers 
had been employed in the synthetic rubber industry or in other 
chemical industries has not been closely investigated. In view of the 
low incidence of pleuritis symptoms, such an investigation seemed 
to be of little interest, especially as it might be expected that the 
information given by the workers on the subject would be rather 
vague. Even with due reservation for the possibility that slight 
pulmonary changes may have been overlooked in the mass radio- 
graphy films, these x-ray examinations seem anyhow to have shown 
that the workers in the Swedish synthetic rubber industry had not 
been affected with pleuritis to any greater extent, and at any rate 
not oftener, than in the other chemical industries with which com- 
parison had been made. 

About a year before this mass miniature radiography, x-ray 
pictures of the lungs and heart has been taken as regards six of 
the workmen in the synthetic rubber industry. These men re- 
presented a specially selected material, in that all of them were 
greatly affected with thoracic pains, dyspnea and fatigue. Apart from 
basal pleural adherences in two of these workers, no undoubted 
pathological findings could be observed in the lungs. As regards 
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. the hcart > the x ' ra 3 ' photographs showed that the cardiac volume 
lay within normal limits and that no pathological changes had 
occurred in the heart contours. 


E. Electrocardography in connection with 
hypoxemia test. 

As at the pilot plant, the workers at the factory in question 
complained chiefly of fatigue and thoracic symptoms. The intense 
sensations of pain and pressure over the chest which several of the 
workers suffered from had, in some respects, a character resembling 
angina pectoris. They usually ensued after some exertion, and 
more often in cold than in warm weather. The feeling of pressure 
was usually localized in a region extending like a belt over the 
thorax on a level with the heart, whilst the pains were referred to 
the region below the sternum, from the larynx down to the 
epigastrium. 

Though the experiments on animals had not shown any disturb- 
ance of the coronary circulation in connection with exposure to 
chloroprene, it nevertheless seemed desirable to study the workers’ 
electrocardiograms in connection with hypoxemia and “work” tests. 
The question as to the superior advantage of the one test or of 
the other for diagnostic purposes seems still to l>e open. Biorck 
(1946) considers the hypoxemia test superior to the work electro- 
cardiogram, but stresses the importance of performing both tests, 
as they do not completely cover one another. Larsen (1938) 
prefers the work electrocardiogram to the hypoxemia test; Evans 
and Bourne (1941) are likewise of the same opinion. 

In the hypoxemia tests, the present author caused the workers 
to breathe a mixture of 10 per cent oxygen and 90 per cent nitrogen 
for 20 minutes. Tire gas mixture was supplied to the tested subjects 
through a Loven valve while they were resting on a couch. The 
electrocardiograms were taken with an electrocardiograph (Elmquist 
system), the usual three extremity leads being obtained synchron- 
ously. The electrocardiograms were recorded (1) during rest before 
the test began and (2) immediately and (3) 10 minutes after its 
termination. As previously stated, the workmens symptoms weie 
particularly marked after the end of the working day, but after- 
wards, generally speaking, subsided rather rapidly. The men were 
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therefore asked to come for testing directly after they had stopped 
work. Fifteen of the workers most affected were subjected to 
hypoxemia tests. With two exceptions, all of them were employed in 
the distillation department. Twelve of the workers examined weie 
between the ages of 20 and 35 y ears > two them between 36 and 4 °> 
and one 47 years old. Generally speaking, the tests could be carried 
out without any appreciable subjective symptoms in tbe woikers. 
One of them complained of pains in the chest, but they were not so 
marked as to prevent the test being carried to completion. Analysis 
showed that all of them had normal electrocardiograms during 
rest, nor could any pathological change of the electrocardiogram 
after the hypoxemia test be observed. In connection with some of 
these tests, determinations of the oxygen content in the arterial blood 
was made, in order to control the degree of hypoxemia. 


F. Functional test with bicycle ergometer. 

As for the “work” electrocardiograms, they were taken in 
connection with a load on a cycle ergometer. the oxygen consump- 
tion. cardiac rhythm and ventilation being recorded according to 
the technique for licart-ancl-Iung function tests proposed by Waii- 
lund (1945), to which the author will revert further on. The test 
for each worker was taken on two different occasions, viz. (1) 
at the end of a weekly shift and (2) before a new shift was to 
begin, pending which the worker had been free from factory 
work for 48 hours. In this way it was possible to make a com- 
parison between the worker’s condition after a rclativclv long 
exposure, when his symptoms were usually pronounced, and after 
a time of rest, when the symptoms as a rule had markedly subsided. 
It was in fact of interest to ascertain whether there was any 
difference at these times of observation, particularly with respect 
to the said heart-and-lung function test, but also as regards the 
“work” electrocardiograms. In the tests three loads on the ergo- 
metcr were applied, viz. 600, 900 and 1,200 kg.m. per minute. Each 
load was continued for 6 minutes and the transition to a higher 
load was made without any interval. 

In these tests the author used a cycle ergometer provided with 
a brake-strap, both ends of which were scvcrallv fastened to a 
spring dynamometer. By tightening the brake-strap, the required 
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load was read as the difference between the deflections of the two 
spring dynamometers. The rate of work was kept practically 
constant by instructing the tested subject to follow the pace set 
from a metronome. The speed was further controlled by an electric 
recorder, which registered the number of revolutions on the brake- 
strap wheel. Tire speed of the wheel was 162 r.p.m. at a pedalling 
rate of 54 per minute. 

Ten of the fifteen workers previously examined with the hyp- 
oxemia test were tested also with the above technique. All of them 
were between the ages of 20 and 35 years. Generally speaking, this 
test caused the men greater trouble than the hypoxemia test. In one 
case it had to ire interrupted after a few minutes, as the tested 
subject was unable to continue because of severe pain localized 
in the region behind the sternum. This occurred after the worker 
in question had been exposed to chloroprene for about one week. 
On another occasion, when the same man had been freed from factory 
work for 48 hours, the test could be carried out without much 
difficulty. Three other workers in the course of the test reported 
pains with a similar localization, but they were described as very 
mild and did not occasion any discontinuance of the test. In all 
cases these symptoms were noted only at examinations made after 
the workers had been exposed to chloroprene at the factory. 

Electrocardiograms were taken (1) before the test, (2) im- 
mediately after the test, and (3) 10 minutes after its termination. 
On comparison between the electrocardiograms taken during rest 
and after work it was found that the latter differed quite slightly 
from the former, and no changes that were certainly pathological 
could be observed. The reduction of the S — T segments was 
insignificant, not exceeding 2 mm in the three leads taken together, 
as regards any of the men examined. It is noteworthy that this was 
the case also with the worker whose pain during the test had been 
so intense that it had to be discontinued. 

Wahlund, in an investigation on a large number of military 
patients, examined the pulse rate at varying loads on a Krogh 
cycle ergometer. He recorded the rate after 2, 4 and 6 minutes 
at loads of 600, 900 and 1,200 kg.m. per minute, which hat 
been driven in close succession for 6 minute periods. It was foun 
that the difference in the pulse rate between 2 and 6 minutes under 
each load did not exceed 10 beats per minute in persons with hea t >y 
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heart and lungs. In case of a greater difference than io beats per 
minute, or if the pulse rate io minutes after the termination of the 
test exceeded its initial rate by 15 or more beats per minute, this 
was regarded as a token of insufficiency. In about 100 cases this 
test was combined by Waiilund with a simultaneous determination 
of ventilation and oxygen consumption, with a view to obtain a 
gauge of the functional adaptability of heart and lungs at different 
loads. 

As the cardiac minute-volume, according to several investigations 
(Newburgh and Means 19151 Boothby 1915; Lindhard I 9 x 5 > 
Collett and Liljestrand 1924, and others), stands in linear 
relation to the oxygen consumption, an indirect gauge of the former 
can be obtained by measuring the latter. In calculating the ventila- 
tion coefficient for oxygen (the ratio between the ventilation and 
the oxygen consumption, reckoned in litres per minute) at the three 
different loads, Wahlund found that the difference between these 
values at the highest and lowest load was insignificant in healthy 
persons, amounting at most to about 9 per cent. A difference of 
over 15 per cent is considered by Wahlund to be pathological, 
but he points out that due consideration must be paid to the 
absolute value of the ventilation coefficient, which for healthy 
persons, in work of this kind, is less than 22. A figure over 24 
would indicate a bad cardio-pulmonary function. 

As pointed out above in connection with the “work” electro- 
cardiograms, the author tested 10 workers in accordance with the 
above-indicated technique. The experimental procedure in these 
tests may, in part, be gathered from the statements made in 
connection with the electrocardiograms. A gauge of the ventilation 
was obtained by collecting in a Douglas bag the air expired during 
a certain time and then measuring it by means of a gas clock. The 
ventilation was computed at the end of each load period. Samples 
for air analysis, which was made in a Haldane apparatus, were 
obtained from the expired air in the Douglas bag. As previously 
mentioned, each worker was twice tested, viz. (1) after exposure to 
chloroprene during a week’s work at the factory and (2) before 
a new weekly shift was to be started when the man had been free 
from factory work for 48 hours. 

The result of this investigation is shown by the following 
table: — 
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Table XVI. Test on bicycle ergometer of workers 
The tests were carried out r) immediately after that the worker had fiuished his 



P. O. G. 

L. A. 

O. B. 

B. H. M. DIST. 

R. S. G. DIST. 

B. B. POL. 

H.O.G.S. POL. 
L. O. POL. 

E. O. H. POL. 

W. F. POL. 


Kg.tn. 

Puls rate 

£* 

O 

'•P 

min 

JRJ 

'•P 

A 

O 

> 

530 

112 

112 

126 

18 

500 

IOO 

IO4 

IOO 

2 4 

57 ° 

94 

IOO 

108 

27 

53 ° 

102 

”4 

114 
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92 

96 
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92 

98 
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96 10S 

20 
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116 

124 
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22 
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96 

92 

92 

22 
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84 

92 

92 

19 



Firstly, as regards the difference between the 2 and 6 minutes 
value for the pulse rate at the different loads, it exceeds in some 
cases 10 beats per minute, but as a rule quite slightly. The difference 
during the first load should be judged with some caution, as the 
2 minutes value, at any rate in some cases, is higher than would 
correspond to the actual work performed. Some of the workers 
were in fact affected by some nervousness at the start, which 
doubtless conduced to accelerate the pulse rate. Some minus 
differences during the first period can probably be explained in 
this way. The acceleration of the pulse during the second and 
third load periods seem to be more correct indications of the 
greater effort. 
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at the destination and polymerization departments. 

work for the shift (W), and 2 ) after that he had been free from work for .,8 hours (R) 


Load II 

Load III 

Puls rate 
after the test 

Kg.itl. 

Puls rate 

Ventilation 

Oxygen 

consumption 

Coefficient 
of ventilation 

Kg.m. 

Puls rate 

Ventilation 

Oxygen 

consumption 

Coefficient 
of ventilation 

min 

min 
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140 

26 
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1 290 
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150 
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16.5 
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To judge by these functional tests, it is noteworthy that the 
performance of the workers after exposure to chloroprene seems 
to have been fully on a level with their capacity before it, though 
the subjective symptoms during the tests were more marked 
directly after the exposure. The ventilation coefficient in no case 
exceeded the figure 24 and, generally speaking, it was less than 
21. In those cases where the ventilation coefficient showed a rise 
in connection with a larger load it was rather insignificant, in no 
case exceeding 10 per cent, reckoned according to the values at the 
lowest and highest load. With the criteria by which this test is being 
judged, it thus seems that the lung-and-heart function of the 
workers lay within normal limits. 
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Taken into account the results from the experiments on animals 
the author in connection with the above-mentioned two occasions 
of work-testing estimated also the oxygen content in the blood of the 
workers. There was no noteworthy difference, however, to be found 
between the determinations obtained at these two occasions. 
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Chapter XVI. 


DISCUSSION. 

The examination of the workers in the synthetic rubber industry 
in Sweden has clearly shown that the men employed in special 
departments of the factories were affected with certain symptoms 
of ill-health. Among the workers in the distillation department the 
symptoms were chiefly r thoracic pains, fatigue and irritability, among 
those in the polymerization department chiefly loss of hair. The clear 
delimitation of the symptoms to workers employed only in these 
two departments indicated, with a high degree of probability, that 
they were attributable to the effects of chloroprene and its oxidation 
products or polymeric forms, as exposure to other substances did 
not occur there. To judge by the occurrence of the symptoms 
among the workers in relation to the manufacturing process, it 
seemed also probable that the cause of the loss of hair was to be 
found in the polymers of the chloroprene, whilst the thoracic 
pains as well as the fatigue and irritability were attributable to the 
oxidation products of chloroprene. 

As regards the special effect of the polymers of chloroprene 
on the hair, it has not been subjected to close investigation in 
connection with this work. Here it may suffice to point out that, as 
betokened by many indications, the effect of the polymers is not due 
to an external local action on the hair or scalp, but to an effect 
probably occurring first after the resorption of polymers. Otherwise 
it is difficult to explain that, despite very effective protection from 
the direct action of chloroprene on the hair, loss of hair nevertheless 
resulted when the workers were in air containing vapours of 
polymeric chloroprene. Certain investigations by Ritter and 
Carter that are likely point out a local action of the polymers do 
not seem to the present author to be ejuite convincing. 
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prene are mainly secondary to a failing heart action with stasis,, and 
the direct effect as a lung irritant is of minor importance. It is in 
fact quite rarely that a person exposed to chloroprene is troubled 
by a cough, whereas this is a common symptom in persons suffering 
from phosgene poisoning. The pulmonary edema after exposme 
to chloroprene is also much less marked than in phosgene poisoning. 
If thus certain factors indicate a pulmonary origin of the pains, the 
reasons for refusing to accept such a view are, on the other hand, 
probably still more cogent. 

In several respects, there are great resemblances between the 
pains after exposure to chloroprene and the pains due to angina 
pectoris. The location of the former pains is in many cases the 
same as that of the pains that may occur in angina pectoris. More- 
over, the occurrence of the pains after bodily exertion and their 
subsidence during rest is characteristic also of angina pectoris. It- 
was found that the pains occurred more often in cold weather, 
which is yet another characteristic of angina pectoris. 

The supposition that the origin of these pains is comparable with 
that of the pains caused by angina pectoris is indeed gainsaid by 
the absence of electrocardiographic changes in the examination of the 
workers. It should be pointed out, however, that these examinations 
were made after the hygienic improvements at the chloroprene 
lactories had proceeded so far that thoracic pains, with a few 
exceptions, no longer occurred among the workers. The negative 
result of these examinations, therefore, does not entirely conflict 
with the above supposition. But, in view of the symptom picture 
among the chloroprene workers, in whom the sensations of pain 
were usually connected with tachycardia and dyspnea, and with 
reference to the experiments on animals, which had shown a marked 
effect of chloroprene on the heart, the author considered it at any 
rate more probable that the origin of the pains was cardiovascular 
rather than pulmonary, although it does not seem possible at 
present satisfactorily to explain their mechanism. 
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Chapter XVII. 


CONTROL OF THE OCCUPATIONAL DISEASE 
HAZARDS IN THE SYNTHETIC RUBBER 
INDUSTRY OF SWEDEN. 

Control of occupational disease hazards requires close cooperation 
between doctors and technicians. The collective experience from 
their different fields of work is, as a rule, essential for the mainten- 
ance of satisfactory hygienic conditions of labour. The primary 
measures usually develope on the doctor, whose attention is usually 
first drawn to the possibility that the work may be injurious 
to health. Not until the causes of the disease have been ascertained, 
can really effective protective measures be taken. The continued 
control of the occupational hazards will be largely a technical prob- 
lem. This alone, however, never involves an adequate guarantee, 
but must be supplemented by a continuous medical control of the 
state of health of the employees. In an excellent work on this 
subject Brandt (1947) writes: “By pre-employment and routine 
periodic medical examinations, by supervision of nutrition, diet and 
personal hygiene, and by education, the physician plays an important 
part in the prevention of occupational diseases through controlling 
the worker.- Important as these measures may be, it is generally 
agreed that they are secondary to the control of the hazard. If the 
hazard is severe, control of the worker alone will either not prevent 
occupational illnesses or it will jeopardize competitive production. 
If, on the other hand, the exposure is controlled adequately, less- 
frequent periodic medical examinations and less-strict supervision 
of diet and personal hygiene will be needed.” 

Apart from occupational eczema and dermatites, most occupa- 
tional diseases are caused by inhalation of noxious substances of 
some kind. One of the principal problems of occupational hygiene 
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will therefore be to endeavour to reduce the concentration of noxious 
substances in the inspired air to tolerable values. This evaluation 
of the atmospheric health hazards” was in fact regarded as the 
central problem of occupational hygiene in the synthetic rabbet 
industry in Sweden, when investigation had shown that the ill- 
health of the workers was attributable to chloroprene in the inhaled 
air. This work, however, met with great difficulties, chiefly owing to 
the lack of any satisfactory method for the determination of chloro- 
prene in air. As previously indicated, the chlorine ion contained in 
chloroprene has but little tendency to reaction and cannot' be freed 
even when heated with alkali in an aqueous or alcoholic solution. 
Only by the combustion of chloroprene can its chlorine be converted 
into analyzable form. This fact serves as a basis for the methods 
for the determination of chloroprene in air that have been devised 
by Russian authors. Owing to their elaborateness, however, these 
methods were found unsuitable for routine determinations. It was 
therefore necessary to test other alternatives. In the investigations 
taken up for this purpose at the laboratories of the synthetic rubber 
industry in Sweden, attempts were made in the first place to apply 
already available methods for the determination of hydrocarbons 
with a C~C double bond. The procedure that was found to be most 
suitable for the purpose was an iodine value method, which is based 
on the addition of a halogen to the double bond. In view of the 
slight reaction of the iodine molecule, however, I Cl is used instead. 
The latter compound is easily formed in a solution of I« in glacial 
aceticacid by the introduction of an equivalent amount of Ch 
(Wij’s solution). In regard to this reagent, we know from its 
principal use, analysis of fatty substances, that the consumption 
is dependent on the excess remaining when the unsaturated com- 
pound has completely reacted. When the colour of the reagent 
changes merely quite slightly during the reaction, this method can 
be used solely in connection with a quantitative determination of the 
amount of halogen consumed. As the results of the analysis were 
found to be dependent on the manner in which Wij’s solution is 
produced, a description of the way in which it was prepared for 
use in these tests is given below : — 


13 S of pure iodine in pulverized form were dissolved in 1,000 ml of mire 

Sc*’ l C i CtlC ac l ci - ' Vlth hcati "S to 80-90° C. From the solution 100 ml 

mid S 5 d r n ° r ater USC ' I Ch l onnc ’ 1,avin K first bubbled through water 
and then through concentrated sulphuric acid, was caused to pass through 
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the major part of the iodine solution until the brown colour had chanced 
to orange, when the supply of chlorine was at once discontinued The non 
treated iodine solution was now added to the major part of the solution 
until a family brown colour remained, indicating merely a slight excess 
of free iodine. The solution was heated at 80—90° C for 20 minutes. 

The solution, which should be kept in a dark-coloured bottle with a 
ground-in stopper, must not be brought into contact with moisture ; all vessels 
must be perfectly dry before use. By diluting this solution with glacial acetic 
acid, a suitable concentration, — reckoned according to the amount of 
chloroprene to be determined — , can be obtained. In the analyses made at 
the factory premises, a 0.1-n solution was used. 


In taking the air samples, a burette for 1,000 ml gas, with a stop- 
cock at the top and bottom, was employed. Air from the place 
under examination was sucked through the burette for about 5 
minutes, whereupon the cocks were dosed. Through the lower 
cock, 10 ml of a 0.1-n IC1 solution, prepared in the way above 
described, was supplied under pressure, after which shaking pro- 
ceeded for 15 minutes. Afterwards 10 ml chloroform and 10 ml of a 
10 per cent potassiumiodide solution were supplied through the 
upper cock. After further shaking, the content of the gas burette 
was introduced quantitatively into a flask and titrated with 0.02-n 
thiosulphate solution. Seeing that 1 molecule of chloroprene, as we 
know, adds 1 molecule of I Cl, the amount of chloroprene in the air 
sample could be easily reckoned. The sensitivity of the method was 
found to be ± 0.05 mg chloroprene per litre of air at the chloro- 
prene concentrations that occurred in the factories. At higher con- 
centrations its sensitivity is less. 

In this connection it seemed to the author to be of practical 
interest to compare the least concentration of chloroprene in air 
which still can be perceived with the sense of smell with the con- 
centration that involves danger to health. Chloroprene, in view of 
its very characteristic smell, seems to be well suited for such a deter- 
mination. In computing the threshold value of chloroprene, definite 
amounts of the substance were introduced into flasks with a capacity 
of 2 litres. When the chloroprene had completely evaporated, a 
number of persons (ten) were asked to inform us when the smell 
was still noticeable at falling concentrations of the chloroprene. In 
order to eliminate errors due to self-suggestion, "blind specimens 
were here and there inserted in the series of chloroprene flasks. 

Under these experimental conditions, it was found that con- 
centrations of over I mg of chloroprene per liter of air were 
distinctly perceived by all the tested persons. Concentrations between 


112 



o.s and i mg per litre of air were noticeable to most of them, 
whereas at amounts of 0.5 mg per litre of air merely one or two 
persons perceived the smell. 

It is noteworthy that such relatively high concentrations of 
chloroprene were required to ensure that the characteristic smell of 
chloroprene should he perceived. As shown by statements made 
towards the end of this chapter, however, the concentration of 
chloroprene that involves danger to health is considerably higher 
than the least concentration perceptible by the sense of smell. 

Before discussing the air analyses from the different factor}’ 
premises, an account will first he given of the hygienic measure 
adopted in the pilot plant, and which had to he carried out without 
the aid of air analyses, as the above-mentioned method for the 
determination of chloroprene in air had not been elaborated at the 
time when operations were proceeding there. As the process of prod- 
uction could not he definitively designed from the outset, hut 
underwent radical changes according as the technical procedure 
was improved, the hygienic situation in this plant, and thus also 
the hazards for the workers, showed frequent changes. This was 
manifested, for example, in a relatively large number of cases of 
acute poisoning, with giddiness and nausea. These symptoms, how- 
ever, as a rule rapidly subsided. 

In view of the limited space available in this factory and its 
character as a pilot plant, it did not seem possible, by more extensive 
technical measures, to reduce the risks for the workers. Only 
where the conditions under which the semi-mechanical operations 
were carried on were manifestly unsanitary, was this defect re- 
dressed. This was the case especially as regards the storage and 
transportation of chloroprene within the factory premises, for 
which purposes open vessels Were often used. A very risky stage 
in the work was found to be the cleansing of apparatus and pipings. 
They had often to he cleansed from the polymerization products 
of chloroprene. Ihis work was as a rule performed while the 
pipings were still hot, which entailed a marked evaporation of 
chloroprene and its polymers into the premises. On computation 
of the chloroprene concentration in the air close to the place where 
such operations were carried on in one of the larger factories, it 
appeared that it was about 4 times higher than the normal concentra- 
tion elsewhere in the premises. In the sequel it was found necessary 



to cool the piping and to ventilate it with fresh air before the work 
was performed. When this was not possible, the workers were 
recommended to wear fresh-air masks. Such masks were made 
obligatory also in all work in containers, in polymerization pots 
and similar places, where high chloroprenc concentrations might be 
expected. Apart from these measures, which, though easily arrang- 
ed, proved to be by no means unimportant, no more radical sanitary 
precautions, for the above indicated reasons, could be adopted. 
Occupational prophylaxis in this plant thus came to be very largely 
dependent on the ability of the workers themselves to avoid 
needless exposure. Experience has shown that the education of the 
worker for his own protection is a very important part of occupa- 
tional prophylaxis. 

It was found, however, that it was not sufficient merely to give 
the workers written instructions regarding measures of safety 
or, by notices posted up in the factory premises, to draw their 
attention to hazardous stages in the work: personal guidance and 
directions also proved to be necessary. The workers were made 
thoroughly acquainted with the manufacturing process and received 
detailed instructions as to the best way of protecting themselves 
from exposure to chloroprene. In the continued supervision and 
control required for the purpose, excellent work was done by 
engineers and specially appointed representatives of the workers. 

The effect of these different measures was noticeable in succes- 
sively diminishing symptoms of disease among the men. Cases 
of acute poisoning — except those which were attributable to 
accidents of some kind — , were completely eliminated. At the latest 
medical examination of the workers at this plant the author found 
merely a few cases of thoracic complaints. Compared with the 
incidence of disease during the early stages of this manufacture 
(see Ch. XIV), the improvement was thus very considerable. 

On the other hand, it was evident that the hygienic measures 
adopted could not completely eliminate the disorders by which some 
of the employees were affected. In default of air analyses, merely 
very approximative estimates of the chloroprene concentrations m 
this plant could be made. In view of the general, hygienic conditions 
in the plant and the marked symptoms among the workers, it may 
be presumed that the chloroprene concentrations, at any rate 
during the early stages, exceeded the. maximum in other factories. 



This is in fact indicated by the cases of acute poisoning, with 
giddiness and nausea. 

At investigations subsequently made 1 , in which experimental 
subjects were kept for some time in a closed room where chloro- 
prene was allowed to evaporate, giddiness and nausea set in only 
when the chloroprene concentration amounted to 3.5 mg per litre of 
air. The symptoms manifested themselves after about 15 minutes 
exposure to this concentration when the subjects were at rest, 
seated on chairs; but were already noticeable after 5 — 10 minutes 
if they performed light physical work. Such high chloroprene 
concentrations, however, doubtless occurred merely at some few 
places in the plant and for a comparatively short time. As soon as 
the above-mentioned precautionary measures bad been adopted, the 
chloroprene concentrations appear to have been considerably reduced 
both at the said places and within the premises as a whole. 

In planning the larger factories, endeavours were made, in the 
light of the experience from the pilot plant, to make provision for 
better hygienic conditions. In several cases special “control rooms” 
were erected, from which hazardous processes in the work could 
be controlled. So far as possible, attempts were made to arrange 
the entire process of production within a self-contained system. In 
order to reduce the above-mentioned risks in the cleansing work, the 
apparatus was duplicated at suitable places, so that the work 
could be arranged in shifts. In this way, the work could be carried 
on under less risky conditions, whilst the occasional stoppages 
that had previously occurred were avoided. 

As already pointed out, the state of health among the workers 
at these newly started factories, despite all the sanitary improve- 
ments adopted, was not satisfactory at first. Investigation showed 
(see Ch. XV) that the workers in the distillation and polymerization 
departments were extensively affected with symptoms of disease. 
An impi ovement had, however, set in, seeing that no symptoms 
of acute poisoning ever occurred in these factories. It may therefore 
be presumed that the chloroprene concentration in the inhaled air 
nevei amounted at ail}- stage in the work, even for a short space 
of time, to 3.5 mg per litre of air. 

The first determinations of chloroprene in the air of the distilla- 

1 For assistance in this investigation, the author is indebted to Dr. Johan Wcrsall. 



lion and polymerization departments were made in the spring of 
1946, when the above-described method of analysis had been so 
thoroughly tested that it could be applied in practice. 

It is often difficult to select time and place for the analysis of 
air samples so that the values found shall be representative of 
the risks of exposure in a factory. This presupposes a thorough 
knowledge of the course of the production cycle and of the time 
required by different stages in the work. So far as such high 
concentrations of noxious substances occur at the place of work 
that they involve a risk of acute poisoning, they should in the first 
place be limited in time and space and, as soon as possible, be 
completely eliminated. Otherwise, the risk involved by a high 
concentration obviously cannot be judged until the time of exposure 
to it is known; and the high value in itself should not determine 
the sanitary measures to Ire adopted. 

In many cases it is only the “weighted average atmospheric 
concentration” that gives a true indication of the exposure. This 
concentration is computed in accordance with the formula 

E y 7 \ + E„T„ + £ 3 T 3 + . . . + E„T„ 

~t x + r 8 + r 3 + . . . + T n ' 

where E represents the concentration for a given substance in the 
air at n different operations, and T the time required for carrying 
out the operation in question (Brandt). 

The chloroprene concentrations in the inhaled air, expressed in 
Fig. iS below, refer to the places in the polymerization and distilla- 
tion departments where the workers must remain during the major 
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pjn-. is. — The concentration of chloroprene in the air before and 
effective improvements of the ventilation system. 



part of the working-hours, and where the figures may be expected 
to be higher than in other parts of the premises. To what extent 
fluctuations of the chloroprene concentrations had occurred within 
the daily exposure time has not been closely investigated in these 
first samplings. The values found were, in fact, generally speaking, 
so high that even if certain reductions of the chloroprene con- 
centrations may have occurred, they would in any case bar c 
occasioned improvements in the hygienic conditions. 

As it seemed scarcely possible to make the general ventilation 
more effective within the factories, endeavours were made, instead, 
to reduce the amounts of chloroprene concentrated in the air by 
means of local exhaust devices at the places in question, besides 
further concentration of the manufacturing process. 

Renewed air analyses were made from the autumn of 1946, when 
the above-mentioned precautionary measures had been adopted and 
operations had been resumed to their full extent. The analysis 
expressed in Fig. 18 relate to the period from August 1946 to 
September 1947. 

Apart from some relatively high chloroprene concentrations, the 
cause of which could in general be ascertained, the other figures 
show that the concentrations had been considerably reduced, as 
compared with previous analyses. As the high values relate to 
comparatively short stages in the work at which moreover fresh- 
air masks were obligatory, it seems that only the other figures need 
be discussed from a toxic point of view. 

On the basis of experiments on animals, v. Oettingex et al. 
point out that chloroprene concentrations down to 0.3 mg per 
litre of air may cause toxic injuries in man. According to reports 
from the Du Pont Company, it was the rule there that the 
inhaled air should not contain a larger amount of chloroprene 
particles than 0.1 mg per litre of air. The same figure is given 
by Brandt. To judge by the present author’s own inhalation 
experiments on animals, the risk limit should lie somewhat over 0.2 
mg chloroprene per litre of air. It seems thus reasonable to accept 
a limit value of 0.3 mg chloroprene per litre. This would imply that 
the chloroprene concentrations during the first observation period 
were throughout much too high. The analyses from the later 
observation period show, on the other hand, that most of the figures 
lie below this limit and merely a few slightly above it. 



The improvement in hygiene thus indicated was in fact reflected, 
as previously pointed out, in a decrease of symptoms of disease 
among the employees. At the end of the last observation period 
the state of health was found to be very satisfactory, and the 
author, at a medical examination then made, did not note any 
symptoms worth mentioning among the workers. 



Summary. 


This investigation deals with the following questions : 

1. Are there any indications that the work in the synthetic rubber 
industry injuriously affects the health of the employees? 

2. What substance or substances or stages in the process of produc- 
tion can be considered to cause deterioration in health ? 

3. Do experiments on animals with the substance or substances 
in question show that they are injurious to the animal 
organism ? 

4. Is there any correlation between the observations from experi- 
ments on animals and the symptoms found among the workers? 

5. What measures can be taken to reduce the risks of ill-health in 
this industry? 

1. Arc there any indications that the work in the synthetic rubber 

industry injuriously affects the health of the employees ? 

a) In examination of the workers in this industry, the author found 
(r) a group who complained mainly of thoracic symptoms, 
fatigue and irritability, and (2) another group who had no 
other noteworthy symptoms beyond falling off of the hair. 

b) These symptoms affected only the workers in certain departments 
of the factories. The first-mentioned symptom picture was found 
only among workers employed in the chloroprenc distillation 
department, the last-mentioned only among workers in the mass 
polymerization department. 

2. What substance or substances or stages in the process of produc- 

tion can be considered to cause deterioration in health ? 

a) As the workers in the distillation department were exposed only 
to pure or oxidized chloroprcne and in the polymerization de- 
partment to polymeric forms of chloroprenc, it seemed that in 



all probability the symptoms of the workers were caused by those 
qualities of chloroprene. 

b) It has been shown that phosgene, which is often formed on the 
decomposition of chlorinated hydrocarbons, is not produced from 
chloroprene even under very favourable conditions. 

c) In order to obtain a most complete knowledge of the substances 
in question it was made an investigation into the effect of 
polymerization on the rate of evaporation of chloroprene, 
and the solubility of chloroprene in water was determined. 
In this connection the author gives a brief resume of the 
chemical constitution of chloroprene and its polymers as well 
as their chemical and physical properties, besides a survey of the 
production of artificial rubber in accordance with the synthetic 
chloroprene process. 

3. Do experiments on animals with the substance or substances in 

question stiozo that they arc injurious to the animal organism? 

a) The experimental investigations on animals comprised (1) 
mortality determinations in long-continued and shorter tests, and 
(2) studies on the effects of chloroprene on the heart, lungs, 
kidneys, the central nervous system and the blood. 

b) In inhalation tests on rats which had been exposed to 1.2 mg 
of chloroprene per litre of air for 8 hours daily during 5 months, 
five out of ten of the animals died within the course of 13 
weeks, whereas at a concentration of 0.2 mg all the ten rats 
survived the whole exposure period. 

c) In studies of the effects of chloroprene on isolated rabbits and 
frog’s hearts, it was shown that concentrations down to 0.002 ml 
per 1,000 ml of Tyrode’s solution respective 0.01 ml per 1,000 ml 
of Ringer’s solution had a distinct depressant effect on the heart. 

d) In inhalation tests on rabbits, a marked fall of the arterial 
blood pressure ensued, whilst the pressure in the right auricle 
increased. This effect is explained as a manifestation of a heart 
action similar to that found in the tests on isolated hearts. 

No changes in the electrocardiograms could he observed m 
connection with these tests. 

e) On the subcutaneous injection into rats of oxidized chloroprene 
in doses from 0.000x25 to aooS ml per gram of the body weight, 
the result was an increase of the lung weights, which was found 
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to be due to hyperemia with pulmonary edema. At the highest 
dosage the lung weight in percentage of the body weight 
amounted to 1.3, as against normally 0.7 — 0.8.. No similar 
effect could be observed in the injection of non-oxidized chloio- 
prene. 

In inhalation tests with oxidized chloroprene at a concentra- 
tion of ca. 17 mg per litre of air for 5 hours, the lung weight 
amounted to 1.6 per cent of the body weight, as against 0.9 
per cent in the control animals. 

f) In urea clearance tests on rats, it was noted that after inhalation 
of 5 mg oxidized chloroprene per litre of air for 6 hours, the 
clearance value fell to about 50 per cent below normal. 

g) The effect of chloroprene on the central nervous system was 
studied with a modified Knocfel-Murrell technique. It was found 
that different qualities of chloroprene differed considerably in 
narcotic effect. It was most marked in the case of oxidized 
chloroprene. It was also shown that the narcotic effect increased 
with the degree of polymerization. 

h) The inhalation tests on rats with a concentration of 1.2 mg 
chloroprene per litre of air for 8 hours daily during the course 
of 5 months resulted after some time in the development of a 
secondary anemia, besides a moderate lcucocvtosis. With a 
concentration of 0.2 mg chloroprene per litre of air, but other- 
wise under the same experimental conditions, no blood changes 
could be observed. 

i) It has been shown that the oxygen content of the blood was 
reduced in connection with the exposure to chloroprene, which 
may be attributed to a simultaneously observed decrease in the 
oxygen capacity of the blood. 

k) In inhalation tests on rats a statistically significant decrease 
in the coagulation time after the exposure to chloroprene was 
noted. 

l ) In inhalation tests on rats the author noted a statisticallv 
significant incieasc in the hematocrit value after the exposure. 

//. Is there any correlation between the observations from experi- 
ments on animals and the symptoms pound among the • workers ? 

a) To give an answer to this question examination of the workers 
was made on repeated occasions in the course of the years 1944 



— 1947 . at first comprising all the men employed in the factories, 
but according as the symptoms were found to be limited to 
workers in the aforesaid .two departments only, the examination 
was concentrated mainly on those workers. These inquiries 
comprised (i) a general bodily examination, (2) laboratory 
analyses of the blood and urine, and (3) certain special in- 
vestigations. 

b) The bodily examinations showed, broadly speaking, a very satis- 
factory state of health among the workers and the few diseases 
observed had as a rule been previously known to them and 
could not be attributed to their work in the rubber industry. 

c) The laboratory investigations showed an anemia of secondary 
type among the workers from one of the factories, where the 
men had at first been exposed to a particularly high concentra- 
tion of chloroprene. According as the chloroprene concentration 
in the air was reduced, this anemia subsided. Otherwise the 
laboratory analyses were negative. 

d) The special investigations were the following: — 

1. Mass miniature radiography of the lungs. 

2. In a smaller number of cases x-ray examination of the 
heart and determination of the cardiac volume. 

3. Electrocardiography in connection with hypoxemia and work 
tests. 

4. Determination of the Schneider index. 

5. Cardiopulmonary function tests with a cycle ergometer. 

6. Determination of the basal metabolism. 

7. Renal function tests according to Rehberg’s creatinin clear- 
ance. 

8. Determination of the liver function with hippuric acid and 
thymol tests. 

None of these special investigations gave evidence of patho- 
logical changes or disturbances of function that could be 
attributed to the work in the synthetic rubber industry. 

e) Thus in the investigations made merely a few objective findings 
were noted, which seems surprising in view of the results from 
the experiments on animals and the marked subjecthe symp 
toms among the workers. 
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j. JVhaf measures can be taken to reduce the risk of ill-health 

in this industry ? 

a) In considering the precautionary measures to be adopted for 
this purpose, the principal problem seemed to be to reduce the 
chloroprene concentration in the inhaled air to a tolerable value. 

To judge by the toxicity tests on animals, the value that can 
be tolerated by the human organism seems to lie at about 0.3 mg 
of chloroprene per litre of air. 

b) The air analyses in respect of the chloroprene concentration 
were made in accordance with a method elaborated at the factory 
laboratories. 

c) Various technical measures, such as improved ventilation devices, 
self-contained systems of production, separate premises for control 
of the operations, have been taken in order to reduce the con- 
centration of chloroprene within the premises where the work 
was being carried on. The effectivitv of these measures has been 
checked by repeated air analyses. 

Finally, as a result of the various hygienic improvements in 
the factories, the symptoms of disease among the workers have 
been almost completely abolished. 
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CORRECTIONS TO I 5 E MADE IN 

ACTA MEDICA SCAN DIN A VIC A SUPPLEMENTUM CCS IX 


Page 6, line 14, for Elcctrocariographv, read: Electrocardiography. 

» i.}, » i, from below, for chloroprene, read: polychloroprene. 

» 19, .1 7, from below, for far, read: for. 

> 21, in the foot-note, for author present, read: present author 

» 43, line 9, for oxydized, read: oxidized. 

* 51, !> 9, for coures, read: course. 

» 5S, » 15, from below, for ethvloxide, read: ether-oxygen. 

’) 64, Table VII, case no. lb, for 4,47 rcad:*2,.|7. 

<> 60 , line 9 & 11, from below, for ureal nitrogen, read: urea nitrogen. 

" 100, 0 4, for Electrocardography, read: Electrocardiography. 

* no, » 9, for devdope, read: devolve. 

Tor carolic artery, in the text, read: carotid artery. 





EDICA 



SUPPLEMENTUM CGXX (220) 


THE DISTRIBUTION OF 

RED BLOOD CELL DIAMETERS 

IN 

LIVER DISEASES 

AN INVESTIGATION OF THE MATURATION 
OF THE ERYTHROCYTE 

BY 

GERHARD LARSEN 



ACCOMPANIES VOL. CXXXII (132) 



ACTA MEDICA SCANDINAVICA 


Since 1919 Acta Medica Scandinavica has been published as a 
continuation of Nordiskt Medicinskt Arkiv, founded in 1869 by 
Axel Key. The first volume of Acta Medica Scandinavica is there- 
fore numbered LII (52). The chief editors have been: Axel Key 
1869—1900, C. G. Santesson 1901—1915 and I. Holmgren 1916 
to date. 

Acta Medica Scandinavica appears at irregular intervals. Gene- 
rally about three volumes a year are published. Each number 
consists of about 6 sheets, six numbers forming a volume. 

Acta Medica Scandinavica publishes original research work in 
the field of internal medicine and is open to articles by authors in 
all countries, with preference for authors from the countries which 
are represented on the editorial hoard. 

The articles are published in English, French or German, at the 
choice of the author. They should be typewritten and followed 
by a summary in English. 

If the articles exceed 24 pages in print, the surplus must be 
paid by the author. No article should exceed 32 pages. 

Contributors in countries which are represented on the editorial 
board chould send their articles to a representative of the country 
in question. Contributors from other countries should send their 
articles to the editor. 

Price per volume: 30 Sw. crowns. In the Scandinavian countries 
25 Sw. growns. 


Address for subscription and all communications: 


Acta Medica Scandinavica Stockholm. 


Requests for duplicate copies of numbers that have gone astray 
can only be considered if made within a fortnight of the receip 
of the following number. 


FROM MED. DEP., NORWEGIAN DEACONS HOSPITAL, OSLO, NORWAY, 
(CHIEF: OLAF BANG M.D.), AND MED. DEP. A, UNIVERSITY HOSPITAL, 
OSLO, NORWAY. (CHIEF: PROFESSOR OLAV HANSSEN, M.D.) 


THE DISTRIBUTION OF 

RED BLOOD CELL DIAMETERS 

IN 

LIVER DISEASES 

AN INVESTIGATION OF THE MATURATION 
OF THE ERYTHROCYTE 

BY 

GERHARD LARSEN 


io spcal: of statistics as the shut); of 
variation also Serves to emphasise the con - 
trast between the aims of modern statisticians 
and those oj their predecessors. For, until 
eomparalwchj recent times, the vast majority 

l Md appcnr to have had 
no other atm than to ascertain annreoale, or 
nwrofrr, values. The variation Use!/ was not 
an object of study, hut ivas rcconniscd 

deirartcd ? lro, !’ lcso,, ! c circumstance which 
detracted from the value of the average. 

(R. A, Fisher) 


NATJONALTRYKKERIET, OSLO 19J8 




FOREWORD 


The present investigation is based mainly on observations 
made while I served as assistant in the medical wards of the 
Norwegian Deacons’ Hospital, Oslo, from January 1943 to October 
1946. A few supplementary observations, some of the experi- 
ments, and all the work relating to pernicious anaemia, were per- 
formed while I was serving as assistant in the Medical Depart- 
ment A, Universit} r Hospital, Oslo. 

I wish to express my heartfelt gratitude to my former chief, 
Olaf Bang M. D„ and to Professor Olav Hanssen, M. D., for their 
unfailing interest in my work, for valuable advice and many 
helpful suggestions, and for their permission to use the material. 

I am particularly grateful to cand. acL. John Lotherington 
who has been my teacher and adviser in statistics. Without his 
many valuable suggestions and his helpful criticism this investiga- 
tion could not have been carried out. All the statistical work 
has, however, been done by the author, who is solely responsible 
for any faults which may become apparent. 

To medical student Guriy Gleditch and to deacon Johan Wil- 
helmsen and deacon Th. Seierstad, I wish to tender my thanks. 
They were my assistants during the first period of the investiga- 
tion, when the time-consuming experiments, to develop a measuring 
technique, were carried out. I am deeply grateful for the zeal and 
exactitude with which they worked in spite of the seemingly hope- 
less results we steadily obtained. 

My thanks are also due to Professor Ch. Finbak and his assistants 
foi valuable advice on the questions of pltysical nature discussed 
in chapter IV, and to Dr. Kaare Heiberg for much advice and tech- 
nical help in questions relating to photography. 



The arguments used in the discussion in chapters X— XII, and 
the conclusions arrived at, are mainly based on the frequency 
distribution of the red blood cell diameters in blood films taken 
from the patients mentioned in table 46. It has been impossible 
to reproduce all frequency curves (about 450 in all) here. Four 
complete sets of these curves have however been prepared and 
deposited in the library of the Medical Dept. A, University Hos- 
pital, Oslo. 

Towards this investigation, I have received grants from Doctor 
Alexander Malthes Fund, from Direktor Gotfred Lie og Hustru 
Marie Lies Fund, and from Grosserer Thor Dahls Fund. 

The translation from Norwegian to English has been carried 
out by Mrs. Sheilagh Stene. 

University Hospital. Medical Dept. A. 

Oslo — Norway, August 1948. 

Gerhard Larsen. 
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Notation. 


The notation is that used in current haematological and 
statistical' literature, but some symbols and abbreviations may 
be explained: 


A/G-ratio (A/G) 
Corp. vol. (C.V.) 
d. f. 

Hb. 

I. I. 
m 

m 0 , m,, m r 


MCH 

MCC 

MD 

MT 

my 

N 

N 0 , N If N r 

P 


R 

R f. 

R. bl. c. 

<7 


Albumin/Globulin ratio in serum. 

Mean corpuscular volume of red blood cells in cub. my. 
Degrees of freedom. 

Haemoglobin in g pr. 100 ccm blood. 

Icteric Index (Meulengracht). 
arithmetic mean. 

When dealing with heterogeneous curves, the affix 0 desig- 
nate the main component, the affix , the left component, 
and the affix p the right component. 

Mean corpuscular haemoglobin in g . 10~ 12 . 

Mean corpuscular haemoglobin concentration in %. 

Mean diameter of the red blood cells. 

Mean corpuscular thickness. 

1/1000 millimeter. 

Sum of frequencies. 

Significance of affix: see in. 

Probability. When relating to X 2 , the value refers to data 
in tables given by Fisher (1) pg. 112 — 113 and by Bonnier 
& Tedin, pg. 324 — 325. When relating to v 2 , the value 
refers to data in tables given by Mather pg. 260—263 
and by Bonnier & Tedin pg. 318 — 321. 

Reticulocyte count in %. 

Red cell fragility. 

Red blood cell count in millions pr. cub. mm. 

Standard deviation of the population. 



10 


s 


s 2 


SR 

T 

Tk 


v 2 

y2** ? y 2 *** 


Vol % 
Xray 


Standard deviation of a sample. 

Significance of affix: see m. 

Variance. 

Variance between classes. 

Variance within classes. 

Variance of total. 

Sedimentation ratio (mm in one hour). 

Treatment (T:0 = Symptomatic treatment only). 
Takata-Aras reaction. 

Variance ratio (The ratio of two estimated variances). 
The asterics indicate the probability -levels and refers to 
the tables for P. (* = P : 0.05, ** = P : 0.01, *** ~ 
P : 0.001). 

Haematocrit value. 

(in table 46) Cholecystography. 



CHAPTER I. 


Introduction. 


Leeuwenhoeck, who invented the microscope and discovered 
the blood cells was, according to Groen, the first person who 
tried, in 1674, to measure the diameter of the blood cells. Later, 
Jurin, Hale, and others, tried similar measurements but it was 
not until the middle of the last century that the microscopic 
technique had become so advanced that the measurements gave 
more or less concordant results. 

The first attempt to determine the volume of the red blood 
cells was made by^ARTiNG (1859), Welcker (1864) and v. Limbeck 
(1896) and was later, by a number of authors, developed into the 
now so well known haematocrit-method. 

In 1889, Hayem suggested to use the index colorimelricus as 
a measurement for the size of the blood-cells, and in 1919 Pijper 
re-discovered that the red blood cells’ average diameter could 
be determined by diffraction (halometry, eriometry), a method 
which for the first time was described by Tus. Young in 1823. 

The size of the red blood cells can thus be determined by four 
different methods. By halometry one can determine the blood 
cells’ average diameter, by the haematocrit method and by the 
determination of index colorimelricus, one gels an expression for 
their average volume. But there is only one method which also 
gives information on the distribution of the single blood cell 
diameter around the mean. That is the method where the dia- 
meter of a number of blood cells is measured and then the 
average diameter is calculated. 
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Direct measurement of the blood cells’ diameter. 

The methods are numerous. One can measure the blood-cells 
suspended in plasma, serum, or in another diluting fluid (the 
«wet method») or one can measure the blood cells in a blood- 
film, stained or unstained, (the «dry method))). The measurement 
can be done with a micrometer in the ocular of the microscope, or 
one can first reproduce the blood cells in known enlargement, 
by drawing or by photography, and then measure the size on the 
drawing or photograph. It lies outside the limits of this work 
to give a detailed historical account of the different methods. 
Such accounts have been given by Price Jones, Jorgensen & 
Warburg, Mogensen, Guntiier, Hernberg, and others. Here 



Plcrorceter / wet preparation 
t'c. Cormlck 1927 
Kirk 1938 
von Boron 1925 
Holler 4 Kudelko 1926 
Ksyer 19*1 
Capps 1905 

Jargcnson 4 Warburg 1926 
Bernstein 1935 — 
Meulcngrocht 1610 

B. C.Gran 1927 

C. Cram 1083 
Horneffer 1928 
Bortrup 19?9 
Collatz 1928 


Photography 

Collatz 192B (wet prep.) 

Collatz 1928 Idry prep.) 

Ponder 1944 

Dxyuerre , Ponder ft Millard 19?6\ i 
Ponder 4 Millard 1924 v \| 


Projection / dry preparations . 

Agosse-Lefont 1929 
Kogensen 1938 
Cttnther 1928 
Price Jones 1910/1933 
Schulten 1931 
Pohle 1927 
Hernberg 19*1 
Kato ft Kortuen 19 40 
Kalamoo 1935 

Hicroreeter / dry preparations. 

Heilneycr 1926 
Bjorlc 1935 

Grosch ft Stiefel 19?5 
Murphy ft Pitchugh 1930 
Win tr obe 1932 
Haden 1931 
Goldberfcft al. 1949 
Bell, Thonaa ft lleans 1927 
Bernstein 1934 
Viechmann ft Schfirroeyer 1925 
Ohno 1923 


9.0 my 


Fig. 1: Normal values of MD as determined bj' different authois 
using different techniques. 
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we shall only mention a few facts with relation to that which . 
follows. 

If one looks through the literature, one finds that the different 
authors’ reports on the blood cells’ normal diameter vary con- 
siderably, from 7.0 my to 8.82 my. This difference is not due to 
the fact that the different authors have examined people of various 
races (Richardson, Wischnewsky), neither can difference in 
sex, (Ohno, Price Jones, v. Boros) nor differences in age (Price 
Jones, Hernberg), explain the divergencies. It is usually assumed 
that the difference between the various authors’ normal values 
is due to technical factors and factors peculiar to the individual 
investigator. In Fig. 1 are shown the normal values of the blood- 
cells’ diameter, as given by several authors. It is obvious that 
these normal values divide themselves into groups according to 
the applied method, but even within each group there are consider- 
able variations between the individual authors’ values. 

The personal errors. 

TliaL such errors do occur is directly shown by Lottrup and 
Warburg who by measuring the same preparation found a dif- 
ference of 0.4 my between their results. Fig. 1 shows that there 
is a difference of 0.16 my between the normal value of v. Boros 
and Mayer and of 0.20 my between the normal value of Bell, 
Thomas & Means and Murpiiy & Fitziiugii, and in both instances 
they report that they are using exactly the same method. The 
personal factor seems to play the greatest role when the investi- 
gator uses the ocularmicrometer. Possibly because this method 
is extremely taxing on the eyes (II. C. Gram (1), IIorneffer), but 
also possibly because interference between the blood-cells’ edec 
and the micrometer’s scale give rise to considerable subjective 
judgment. (Bock & Jombres, Ponder (1)). 

The technical errors. 

These are of different nature, depending on the preparation, 
the optics, and many circumstances which are only parity investi- 
gated. In the wet preparation the blood cells’ are largest when they 
are suspended in their own plasma or serum, smaller when they 
are suspended in I-Iay cm’s liquid or Tyrode’s liquid (Ohno). 
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The use of anticoagulants may change their size, and prolonged 
storage may also change their diameter (Jorgensen & Warburg) 
Whether spreading and drying plays any role is not quite de- 
cided. Already Ths. Young has reported that the blood-cells did 
not change their diameter by spreading and this is later reported 
by Laache, Wiechmann & Schurmeyer (1), von Boros (2), 
Gunther (2), Ohno, Bernstein, Goldberg and others. On the 
other hand, Ponder, Ponder & Millar, Price Jones (2), 
Manassein and others report that the blood cells decrease in 
size when dried, while Collatz finds that their diameter increa- 
ses. The question can not be regarded as finally settled. The 
- staining and fixing does not seem to influence the size of the 
blood cells. (Gunther (2), Bernstein, Lepel, Ohno). 

The optics employed in the microscope are of definite importance. 
Gunther (2) and later Mogensen (1), Hernberg, Lepel, and 
Lindgren have shown that the blood cells seem smaller when one 
employes oil-immersion-objeclive than when one uses dry-lense- 
obj ective. The difference is between 6 % and 10 %. ITammarsten (3) 
suggests that this is caused by refraction-phenomena at the cell 
edge, but I have not found any adequate explanation of the 
phenomenon in previous literature. Kaemerers information 
that the results differ if one uses the plane or concave mirror of 
the microscope fits in here. 

It seems therefore, as if apparently minor details may play 
an unexpectedly important role. In addition it must be considered 
that the individual authors do the measuring in different ways. 
Thus, Price Jones, Mogensen and others measure the blood cells 
largest and smallest diameter and take the average of these two 
measurements as the diameter of the cell. Others measure only 
the largest diameter (Me. Cormick) or a chance diameter (all 
methods using ocularmicromelry). Some measure With a scale 
graduated to 1 / 2 my (Price Jones, Mogensen), others draw the 
blood cells on millimeter paper and count the squares (Hernberg). 
Others again measure the projected picture directly with dividers 
(Gunther). And finally, some measure the area of the blood cells 
and not their diameter (Manassein, Agasse-Lafont). 

Since the method gives so varying results from one investigator 
to another, several authors (Wintrobe (3), Haden(I), Ponder ( ), 
deny its practical value and prefer instead the determination 
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of mean corpuscular volume by Lhe haematocrit method. Price 
Jones (1), Mogensen, Hernberg, Gunther, von Boros and others 
admit that the results certainly vary, but maintain that it gives 
a relative' value which is so exact that the method has its justi- 
fication. As previously mentioned, the direct measurement is 
the only method which gives information on the composition of 
the blood cell population, or the degree and nature of the aniso- 
cytosis, and Price-Jones, Mogensen and Totterman among 
others, have shown that this information may be of considerable 
importance. 


Practical importance. 

The first practical result was obtained by the measurement of 
the blood cells in cases of anaemia. In 18G4, Welcker mentio- 
ned for the first time that the blood cells are smaller than normal, 
microcytosis, in chlorosis, a sign which later was particularly 
stressed by Hayem in 1889 and Capps in 1903. Large blood cells, 
macrocytosis, in pernicious anaemia are first mentioned by Sorensen 
in 1876 and pointed out as an important sign by Laache 
in 1883. Price Jones, Vaughan, Goodiiart and others have 
during the years 1910 — 1934, in a series of publications stressed 
the importance of the characteristic distribution-curves of blood 
cell diameters in pernicious anaemia, in the differentiation 
between this form of anaemia and other macrocytic anaemias. 
The question regarding the size of the blood cells has, during 
later years, once more been brought to the fore by American 
authors (Wintrobe, I-Iaden and others) who fry to group the 
anaemias according to the bloocl cells’ mean volume, and by Euro- 
pean authors who suggest a similar classification based on the 
average diameter measured by halometry (Bock, von Boros and 
others). 


Macrocytosis in liver disease. 

C- Gra - m is, as far as we know, the first who in 1SS3 pointed 
out the increase in blood cell diameter in 8 patients with jaundice. 
Similar discoveries were made by Engelsen in 1884, by Vaquez 
in 1897, and by Chauffard in 1907. 
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v. Limbeck is in 1896 the first to mention that the volume 
of the blood cells increases in jaundice, whereas, Hayem (1889) 
and Perrin (1908), are the first to find an increase in index 
colorimetricus in patients with liver diseases. 

The phenomenon is later described by several authors. The 
increase in the blood cell diameter is shown by measurement of 
blood cells in plasma by Meulengracht in 1918, Gamna in 1926, 
by von Boros, H. C. Gram, Holler & Kudelka, Jorgensen & 
Warburg, all in 1927, by Schulten & Malamos in 1932, M alamos 
1935, Archi 1936, RodiSo & BaNos 1940, Hammarsten (1) 1942, 
and Hammarsten & Stahle 1943, by measurement of blood- 
cells in blood films by Gunther in 1928, Van Duyn (1933), 
Mogensen (1938) and Lindgren (1947). 

By halomelry: Cheney 1933, Bock 1934, Luckner & Tilger 
(1936), Schalm (1937) and Bock & Jombres (1939). 

Increased mean corpuscular volume in jaundice is mentioned by 
Wintrobe & Schumacher (1933), Schulten (1933), Groen 
(1935), Wintrobe (6) 1936, and Rosenberg (1936), and increased 
index colorimetricus in liver diseases is reported by Van Duyn 
(1933), Fellinger & Klima (1934), Wright (1934), Schiodt (1) 
(1935) and Benhamou & Nouchi (1937). This list is hardly 
complete. 

Macrocytosis appears also in other digestive diseases: In pan- 
creatic diseases (Cheney, Holler & Kudelka) in ventricular 
diseases (Bentzen, Gr£goire, Gorka, Vaughan (2), and in ileitis 
(Plum & Warburg). 

Several authors (Cheney, Holler & Kudelka, Bentzen, 
Schalm) presume that the same mechanism is the cause of this 
phenomenon in all these circumstances. It is worth mentioning 
in this connection that Efskind reports occasional considerable 
regressive changes of the liver parenchym in patients with serious 
digestive diseases. 

Experimentally caused macrocytosis in liver diseases: Higgins 
& Stasney poisoned rats with carbon-tetrachloride and Heinle, 
Castle & Rose caused, in the same way, poisoning in white mice. 
On both occasions the experimental animals developed liver cirr- 
hosis and macrocytic anaemia. 
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Occurence. 

Several authors are of the opinion that macrocylosis occurs 
iu practically all cases of serious liver disease. Schulten thus 
sees the phenomenon in 100 %, Malamos in 24 out of 2G cases, 
Schalm in 100 %, Hammarstex in 100 % and Rosenberg in 
91 % of all cases with serious liver disease. 

On the other hand, there are several authors who maintain 
that the phenomenon admittedly occurs, but that it is relatively 
rare. Wixtrobe & Schumacher find it in 25 %, Van Duyn in 
18 %, Wright in 27.4 %, Beniiamou & Noucm in 25 %, Fel- 
linger & Klima in 65 % and Groen in 25 % of the cases with 
serious liver disease. 

With the exception of Rosenberg, all authors who are of 
the opinion that the phenomenon occurs frequently, have mea- 
sured the mean diameter of the blood cells, while the authors 
who maintain that the phenomenon is rare have measured the 
blood cells’ mean volume, either by the hacmalocrit method or 
by calculating index colorimelricus. 

This phenomenon, that the diameter increases, whereas the 
volume remains normal, is found directly by parallel researches 
by Archi and Schulten (3, pg. 237), and is also mentioned 

by D EDI CHEN. 

The significance of this has not been fully clarified, but 
one has to reckon with the possibility that two different condi- 
tions are present: firstly, <<macroplanv», increase of the diameter 
without a simultaneous increase in the cells’ volume, and secondly, 
possibly less frequently, macrocylosis with increased volume. 

Most authors who have investigated the blood cells’ volume 
have, by the way, not investigated the blood cells’ size in liver 
diseases, but the size of the blood cells in anaemia during the 
course of liver diseases. 1 hereby, they are bringing in an important 
new factor whose significance has not been clarified. 

Lange (1), and Leichsenring. Donelsox & Wall have shown 
that there is a negative correlation between the number of the 
blood cells and their average volume, and Isaacs (2) points out 
that there arc two types of anaemia, which occur in connection 
villi liver cirrhosis, one macrocytic and one microcytic.. 
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Significance. 

Schalm, Arch i, Hammarsten, Lindgren, Odin and others 
are of the opinion that the mean diameter is normal in jaundice 
due to occlusion without simultaneous liver disease. 

Schalm therefore suggests using the mean diameter determina- 
ted with halometry as a diagnostic method, a suggestion which, 
by the way, first was made by Van Duyn in 1933. Hammarsten 
and her collaborators state in a series of publications, that the 
distribution curve of the blood cell diameters, i. e. the degree of 
the anisocytosis, is very different in the different liver diseases. 
They think they can draw far-reaching diagnostic and prognostic 
conclusions from the appearance of the distribution-curve. The 
question regarding the size of the blood cells in liver diseases 
thereby assumes a considerable practical interest. When the 
method after all has not come into common use, it is mostly 
due to the great amount of time which has to be spent on the 
examination. But it is also important that we, for the time being, 
deal with clinical observations whose mechanism is not sufficiently 
well known. If the method should find practical use the reasons 
which cause the phenomenon ought to be clarified. 


The cause of macrocytosis in liver disease. 

The cause of macrocytosis in liver disease is not yet clear. 
The explanations which have been offered fall into two groups: 
Several authors are of the opinion that the already circulating 
blood cells swell and increase — «the theory of the peripheral 
disturbance)). Others state that the liver disease causes a change 
in erythropoiesis so that the new blood cells which are sent out 
from the bone marrow are larger than normal, the «theory of the 
central disturbances)). 

Theories of « the peripheral disturbance ». 

The earliest investigators — C. Gram and Meulengracht 
were of the opinion that jaundice as such was the real cause 
of the macrocytosis and that the degree of macrocytosis was in 
direct proportion to the degree of jaundice. A great number of 
later authors (Capps, Rosenberg, Malamos, Bock, Schulten, 
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Hammarsten, Miller & al, Lindgren, and others) have not been 
able to find such a correlation. It is also difficult to accept jaun- 
dice as a cause, when the opposite of inacrocytosis microcytosis 
— is a typical characteristic of haemolytic jaundice, and since 
Schalm, Hammarsten, Archi and others have shown that the 
phenomenon does not occur with jaundice due to occlusion. I Ioller 
& Kudelka have further shown that inacrocytosis may 
appear in liver diseases without jaundice, and Rosenberg, IIam- 
marsten and others have shown that macrocytosis may lemain 
after the jaundice has disappeared. 

Those who assert the theory of «lhe peripheral disturbance.), 
base their opinion on two arguments: Mogensen, Sciialm, 
Arciii and Totterman point out that the inacrocytosis appears 
and disappears so fast that a disturbance in the bone-marrow, 
according to their opinion, can not be the cause. 

Mogensen thus found an increase in the MD of 0.43 my 
over the normal upper limit after 26 days, and an increase of 
0.35 my over the normal upper limit after 12 days, in two cases 
of acute hepatitis, and C. Gram found a decrease of 0.1 67 my 
after 25 days and 0.093 my after 9 days, during the course of acute 
hepatitis. Cheney, Bock, Mogensen and Sciialm also state 
that the increase of the mean diameter is not followed by an in- 
crease of the anisocylosis. The change in the mean diameter must 
therefore, they maintain, be due to changes in the size of all blood 
cells. And should this change be due to an altered crylhropoicsis, 
the blood cells’ life time would have to be considerably shorter 
than usually assumed. But since these patients with acute hepa- 
titis do not develop any considerable anaemia, and since there is 
no sign of increased regeneration in the form of reliculocylosis, 
polychromasia or the appearance of nucleated red blood cells, one. 
can not assume any such shortening of their life-time. The macro- 
cytosis must therefore be brought about by a change in the size 
of the already circulating blood cells. The central point in this 
argumentation is that there is no increased anisocytosis in the 
peripheral blood. But it must be stressed that there is no full 
agi cement on this point. Already C. Gram pointed out that these 
patients had an unusual number of large blood cells, and Hammar- 
sten, Lindgren, and Gamna stressed just the anisocytosis as 
a characteristic feature in the blood picture in liver diseases. 
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The other argument for the theory of the peripheral distur- 
bance is an experiment which was first made by Engelsen. 
Engelsen mixed normal blood cells with icteric plasma and noticed 
that the mean diameter of the blood cells increased by 0.34 my 
He did not however, obtain any reduction in the size of the patho- 
logic blood cells when these were stirred out in normal plasma. 
C. Gram and Meulengracht could not reproduce Engelsen ’ s 
experiment. 

v. Limbeck, Hamburger, Price Jones- (7) and Wiechmann & 
Schurmeyer are of the opinion that the red blood cells’ diameter 
increases after exercise, in diabetic acidosis, in venous congestion, 
in heart failure, and in other conditions accompained by an in- 
crease of the blood’s C0 2 content. Holler & Kudelka presume 
that this is also the cause of macrocytosis in liver diseases. 

Acidosis is however no constant phenomenon in liver diseases, 
and Rosenberg and Mohr find no correlation between the size 
of the blood cells and the degree of acidosis in diabetic coma. 
Based on careful experiments Dryerre, Millar Sc Ponder 
maintan that the blood cells do not change their size with increa- 
sed C0 2 content in the blood as assumed by the above-mentioned 
authors. 

Gamna, Rosenberg, Bethel & Rottschaefer, Rodino & 
BaSos and others, are of the opinion that macrocytosis is due 
to a change in the serum albumin/globulin ratio with subsequent 
change in the colloidosmotic pressure. And finally, Bang & 
Orskow and Bethel & Rottschaefer believe that the perme- 
ability of the blood cells is changed. Gunther regards a change 
in the surface tension and Jolly dehj'dration, as the cause of the 
changes in size. 

Broch (1 Page 66) and Maizels & Whittaker maintain, based 
on experimental studies, that osmotic disturbances can not be 
the cause of the phenomenon. 


Theories of «ihe central disturbance ». 

Against the above-mentioned theory of disturbances in the pe 
ripheral blood there have been raised a series of objections which 
at the same time are arguments for the view that the cause lies 
in the bone marrow. Haden (5) and later Guest Sc M ing have 
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shown that the red blood cells in vitro behave like perfect osmo- 
meters. They attract water when suspended in hypotonic salt 
solutions. Their volume increases until they become spherical, 
and they thereby have the largest possible volume for a given 
surface. When this point has. been reached they disintegrate and 
haemolysis occurs. 

Had ex (1) and Wintrobe (3.5) therefore argue that if the 
changes were due to osmosis the volume would have to increase 
with the 3rd power of the mean diameter. But such an increase 
in volume has, as mentioned before, not been observed. 

Capps is the first to point out that if the swelling of the blood 
cells is caused b3 r an absorption of water, the saturation-index 
would become smaller and the mean corpuscular haemoglobin 
concentration would decrease. Therefore, since several authors 
find an increase in index-colorimctricus in liver diseases this docs 
not fit in with the assumption of the peripheral cause. Vox Bonos 
(3.4), Fellinger & Klima, and Schulten & Malamos report as 
well that the blood cells in liver diseases contain more haemoglobin 
than they do normally. Mogensen finds a decreased haemoglobin 
content, but points out that his patients had anaemia. 


The bone marrow in liver disease. 


If macrocytosis in liver diseases should be due to a changed 
erythropoicsis, one might expect to find changes in the bone marrow 
in these patients. Such changes have also been observed by several 
authors: 

Bleichroeder and Bossier at autopsies invariably found 
red bone marrow in the long tubular bones where there normally 
should be fatty marrow. The marrow had also undergone qualita- 
tive changes. Iisciiendohf and Kienle find an increased number 
of all cellular elements. Bossier mentions an increased activity 
in the erythropoicsis with a simultaneous decrease in the thrombo- 


poiesis, and Isaacs finds an increased number of erylhroblasls 
with a tendency to macrocytosis. Alder finds in humans, and 
Freerksex (3) in animals, a macrocytosis in the bone marrow 
with simultaneous macrocytosis in the peripheral blood. Finally, 
Davidson & Mc.Crie, Person, and Fitziiugii & Person slate 
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that the reticulocytes are larger than normal in patients with 
macrocytosis in the peripheral blood. 

Holler & Kudelica and Becher assumes that the macrocy- 
tosis is due to a toxic effect on the bone marrow from toxins 
produced in liver disease. Hammarsten & Stahle suggest the 
possibility of a toxic effect on a haematopoetic centre in the dien- 
cephalon (also suggested by Pixel, Hortling and Ask-Upmahk), 
but otherwise the common opinion is that the macrocytosis is 
due to a lack of — or lacking utilization of — the antipernicious 
principle of the liver. This last assumption is so common that it 
is stated as a fact in a number of newer textbooks in haematology. 
(Wintrobe (7), I-Iaden (8), Kracke, Whitby & Britton). 

It may therefore be proper to compare liver diseases and per- 
nicious anaemia. 


Liver disease and pernicious anaemia. 

Clinically one does not observe in liver diseases the usual 
symptoms of pernicious anaemia with any regularity. Neither 
achylia, glossitis, nor myelopathia are usual symptoms, and seldom 
or never are the high-grade anaemias seen (Castle & Minot). 

The blood findings are also different. The constant increase 
in the mean volume of the blood cells is not seen in liver diseases, 
neither is the marked anisocytosis, poikilocytosis or polychro- 
masia (Schulten (3 pg. 237), Wintrobe (6)). The typical changes 
of the leucocytes in the peripheral blood, and the typical chan- 
ges in the bone marrow of untreated pernicious anaemia are 
never seen in liver disease (Schulten, Schulten & Malamos). 

Therapeutically one sees no effect of liver extract on the macro- 
cytosis in liver diseases (Cheney, Fellinger & Klima, Good- 
hart). A frequently cited case observed by Goldhammer, 
where a patient with liver cirrhosis had an increase in haemoglobin 
from 48 % to 64 % in 63 days after having had altogether 60 ccm. 
liver extract, does not seem very convincing. 

Schiff, Rich & Simon and Goldhammer, Isaacs & Sturgis 
have produced a fully potent liver extract from cirrhotic human 
liver and thereby shown that these patients do not lack the anti- 
pernicious principle. This in contrast to liver extract made from 
patients who died with untreated pernicious anaemia. Such an ex- 
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tract is completely ineffective (Wilkinson & Klein, Richter, 
Ivy & Kin). 

Castle & Minot, Dedichen, Malamos and Watson & Castle 
therefore mantain that another principle than the anti-pernicious 
principle must be the cause of the changes in the bone marrow. 
This opinion is expressed thus by Castle & Minot (Page 13). 

certain chemical entilics mnsl be present in order for the 
normal transition from immature to adult red blood corpuscles to 
take place in the bone marrow. Specifically, it is probably neces- 
sary for the body to have available a ccrlain active principle 
found in liver and ccrlain other tissues, which is effective in 
pernicious anaemia, in order for the mcgaloblasl to progress to 
the normoblast. For maturation of the normoblast into the adult 
red blood cell, iron, another active principle found in liver, and 
probably in other animal organs, copper, vitamin C and thy- 
roxin arc probably alt essential .»> 

It is not known which substance this << another active principle 
found in liven, is. But the investigations by Goodhart, Wills, 
and Vaughan (1) seem to indicate that the principle may be 
found in the vilainin-B complex. 

Castle & Minot’s book date? from 1936. Since 1 lien folic 
acid has been discovered and studies of the haemopoiesis with 
new r methods, as use of radio-active iron (RonscuErr-Ronnixs 
Whipple, Hahn & co-w'orkers), quantitative analysis or the single 
cell (Thoiiell), mitosis research (Kienle and others) and other 
methods have brought all these problems into a new light. 
These new" results have been published while the present investi- 
gation was in progress, and have not to any great extent influ- 
enced the working plan. They will therefore not be discussed here, 
but in the concluding chapter, where my results are compared 
with them. 

There arc thus two theories which may explain the niacrocylosis 
in Jivci diseases. Both theories apparently have decisive arguments 
in their favour, but they exclude each other as well. 

The arguments for the theory of disturbances in the bone 
marrow": The lacking increase in volume, the red blood cells’ in- 
ci eased content of haemoglobin, and the changes seen in the 
bone marrow", appear to me to be so important that this theory 
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probably is correct. But before this theory can be accepted, a 
satisfactory explanation of the fact that the macrocytosis appears 
and disappears so fast, as shown by Mogensen, Schalm, Archi 
and Totterman, must be given. 

And if such an explanation is found, it remains to be shown 
ff the macrocytosis is due to the same cause as in pernicious 
anaemia. 

Price Jones (6) indicates a method which may solve the 
problem. He first mentions that a certain amount of anisocytosis 
of the red blood cells normally occurs, and mentions that the 
anisocytosis can be expressed graphically by drawing frequency 
curves according to the method he has developed. He then says: 

«/ suggest that in conditions associated with marrow dys- 
function the curve is shifted to right or left and the distribution 
is more or less asymmetrical or skew. In those conditions in 
which the cells are acted on by some common factor in the cir- 
culation, and only indirectly or secondarily associated with dis- 
ordered haemopoiesis, the variability is more frequently normal 
or relatively slight, and the distribution is more or less symme- 
trical .>> 

e 


Resume of Chapter I. 

The problem. The working plan. 

After a short description of the methods which are at our 
disposal for determining the size of the blood cells, direct measuie- 
menl of the blood cells by micrometry is discussed. It is shown 
that the method has many sources of error, partly of an unknown 
nature. The literature on the size of the blood cells in liver 
diseases is reviewed. It is shown that macrocytosis appeals in 
liver diseases, and that it is probable that the diametei is more 
often increased than the volume of the blood cells. 

The theories which have been proposed to explain the pheno- 
menon are mentioned. These theories falls into two groups, the 
theories of the peripheral cause, and the theories of a change 
erythropoiesis. 
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The following questions arc unanswered: 

1) When docs macrocylosis appear in liver diseases? How fast 
does the phenomenon appear and disappear? 

2) Is the macrocylosis due to changes in the peripheral blood or 

is the cause a changed crylhropoicsis? 

3) Has the macrocylosis in liver diseases the same cause as 

macrocylosis in pcrncious anaemia? 

4) If the increase in MD in liver diseases is not due to the same 
cause as in pernicious anaemia, what is then the cause of the phe- 
nomenon? 

5) Which diagnostic and prognostic conclusions may be drawn 
from the presence of macrocylosis, and which methods can be used 
when the phenomenon is to be utilized in the clinic? 

These questions, all or several of them, may he answered by 
following a number of patients with liver diseases with frequent 
measurements of the size of their blood cells during the whole 
course of the disease. In order to answer several of the questions 
it is not sufficient to determine the mean size of the blood cells. 
It is necessary to determine how the single blood cell diameters 
are distributed around their mean. 

The only method which is then left is some form or other for 
direct measurement of the blood cells. But in the introduction it 
is shown that these methods all have considerable and mostly 
unknown sources of error. Before these methods can be utilized 
for the solution of the above-mentioned questions the cause of the 
errors must be determined, so that the errors as far as possible, 
can be eliminated. 


The present work therefore falls into two parts: 

Part one must contain a detailed analysis of the measuring 
technique in order to determine its reliability, both in the mea- 
suieinen I of normal and pathological blood samples. 

Tail two. If a satisfactory technique can be developed it may 
be used on a clinical material in order to answer the questions. 


Ihesc problems, in both parts of the work, arc largely of statis- 
tical nature and one will therefore, to a great extent, use modern 
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statistical methods. But the use of statistics assumes that one 
operates with factors which can be measured, Weighed or in other 
ways expressed in figures. I will therefore, in the present work, 
not make use of methods which largely have to be based on 
personal judgment. One may particularly mention two methods 
which will not be used: 

Routine use of sternal marrow puncture will not be made. 
Several of the previously mentioned questions might possibly 
be answered by studying the bone marrow in these patients. But 
practical experiments have convinced me that I, neither by differ- 
ential counting, nor by measurement of the diameter of the cells 
from the sternal marrow, can obtain such accurate results that 
they can stand critical statistical investigation. 

Neither will I use puncture biopsy. 

Puncture biopsy in liver diseases has its justification in 
enabling a correct diagnosis. This can as a rule be achieved, 
if noL equally fast, by clinical observation. In the few cases 
where the clinical observation did not result in a diagnosis ex- 
plorative laparatomy with biopsy has been performed. 


CHAPTER II. 


Statistical methods. 

Frequency distributions. 

All blood cells which at a given moment are circulating in the 
organism constitute a population. From this population individual 
blood cells are steadily disappearing, dying, and new ones are 
steadily added from the bone marrow. Not all blood cells are of 
equal size. A certain degree of anisoevtosis is physiological. 

When one measures the diameter of a large number of blood 
cells, the values found arc ranged in classes according to size 
(fig. 2 a). Each class is called a variate class or variate. In fig. 2 a. 

6.00, 6.25 8.75 thus represent variate classes. The number 

of blood cell diameters in each variate class is called frequencies. 
In the example 3, 2, 10 ... . 1, thus are frequencies. The sum of 
all frequencies is called the frequency sum and is designated by 
the letter N. The arithmetical mean of all frequencies is the 
sample’s (blood cells’) mean diameter which is designated by 
the letters AID. The distribution around this mean is measured 
by the variance which is the mean of the squares of deviation of 
the frequencies from the mean. The positive square root of the 
variance is called the slandarddcviation -s-which is another measure 
for the distribution of the single diameters around the mean. 

The frequency-distribution in fig. 2 a may be represented 
graphically: Measuring the variate-value along the x-axis and the 
frequencies along they-axis one obtains a frequency polygon which 
gives a graphic picture of the distribution of the blood cell dia- 
meters (fig. 2 b). 

I lie true value of the population’s mean diameter and variance 
is unknown. All measurements can only give approximate values, 
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which will deviate more or less from the true values owng i< 
random sampling and technical errors. The - values 
actual measurements are called characters ics. u <- t- 
true, and unknown, values are called parameters hven > 
value of a parameter can never be determined >} a ' , nctfT istics. 
men Is, one can, when one possesses a number o * ‘ mmc 
determine a field, inside which the parameter must Ik 1 > 
characteristics one has, the more exact the domination 

field will he. 
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y 2 - analysis. 

According to Price Jones’ and Gunther’s investigations the 
blood cell diameters in normal subjects are distributed around 
the mean according to the normal curve. This normal distribu- 
tion may be calculated when the AID and s are known (fig. 2 b). 
But fig. 2 b shows that the observed frequency curve and the 
calculated normal curve do not agree. This is due to random 
sampling errors. One can, therefore, for each variate class cal- 
culate the difference between the number of observed frequencies 
and the number of expected frequencies. Some of these differences 
will be positive, others will be negative. Since the frequency 
sum is the same in both curves, the sum of these differences will 
be zero. If, however, all the differences are squared, we get 
positive figures only, and the greater the single differences are, 
the greater the sum of these figures will be. One might expect 
that the difference which is due to random causes would be greater 
in variate classes with many frequencies Ilian in variate classes 
with few frequencies. Wc therefore divide the difference in each 
variate class with the number of expected frequencies in the class, 
and the sum of these figures is called y 2 . 

jr is therefore: 

The sum n f ( cx P cclc( ^ frequencies — observed frequencies) 2 

Expected frequencies. 

The value for y} depends upon the difference of the expected 
and observed frequencies in each variate class. But y 2 does as well 
depend upon how many figures are added, in other words, the 
number of variate classes. The more variate classes, the greater 
r will he, under otherwise equal circumstances. In practice y; 
is placed in relation to the number of degrees of freedom, or the 
number of classes whose frequencies can be chosen independently. 
If, for instance, wc have 10 variate classes, and wc know that the 
ficquency sum should be 200, then the number of frequencies in 
the last variate class must be given when the frequencies of the 
nine others arc determined. In this case there will therefore 
be .) degrees of freedom. If, besides, the mean value of the sample 
is given in advance, then the frequencies of at least two variate 
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classes must be given when the others are determined. The number 
of degrees of freedom is then 10 — 2 = 8. 

If an experiment as shown in fig. 2, is repeated several 
times, the curves will not have the same appearance. Some 
will show a good and others a poor conformity with the nor- 
mal curve. Some will therefore have a small, others a larger 
value for yj. It is possible to calculate how these values for f 
will be distributed, and tables for this distribution have been 
worked out. When we have found a value for / we find in the 
table for the correct number of degrees of freedom the figure 
which comes closest to the observed value. A value P corres- 
ponds to this figure. P tells us how often one may expect an 
equally high or higher value for y 2 if the experiment is repeated 
under identical conditions an infinite number of times. A value 
of 0.50 for P indicates therefore that if the experiment is re- 
peated an infinite number of times one half of the results will 
be better and one half will be poorer than the present experi- 
ment. If we get a value for P = 0.001 we are thereby told that if 
the experiment is repeated an infinite number of times we will ob- 
tain an equally high or higher value of % z only once in a thousand 
times. It is then justified to assume that other causes than the 
purely random ones are to blame for the poor results. 


Analysis of variance. 

If an experiment as shown in fig. 2 is repeated many times one 
will obtain a number of samples. For each sample one may cal- 
culate a mean diameter. These samples will not be exactly alike, 
but will differ somewhat owing to random sampling errors. Neither 
will the values for BID be the same for all samples. But it may be 
shown that if only random sampling errors play a role, then the 
observed values for MD will he distributed around their mean 

with a variance — , where n 2 is the true variance of the whole po 
In 

pulation, and where N is the number of frequencies in each 
sample. 

We have thus obtained two estimates for the true mean 
diameter: Firstly, the mean diameter in each sample, and secondl}, 
the mean of all these mean diameters and their variance aroun 
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this mean. Finally, we may obtain a third estimate for the 
same value by adding all samples together into a grand total 
and calculate the mean for the whole collection. 

These three estimates of the same value should agree if only 
random causes are of influence. Interplay between the single 
values can be measured in several ways. In the present work, 
one uses the variance ratio as a measurement for this interplay 
(see Bonnier & Tedin, Kenney, Mather). Likewise as in the 
y~ analysis, the calculation of the variance ratio leads to the 
determination of P. 

If one makes a series of measurements of the same blood sample 
with different techniques and undertakes analysis of variance 
of the results, a certain variance ratio is obtained, and this may 
be compared with the tables for the variance ratio and P. If the 
ratio, for instance, corresponds to P : 0.20 it will mean that Were 
the experiment repealed many times, 20 % of the results would 
be poorer than the one observed, only due to random sampling. 
The conclusion Would be that, the difference between the tech- 
niques might easily be due to random causes. If, on the other hand, 
the variance ratio corresponded to P : 0.001, it would mean that 
only one out of a thousand similar experiments would show 
equally poor conformity, and the conclusion would have to be 
that the differences in technique probably influenced the result. 
The variance ratio therefore gives an expression for the proba- 
bility that an observed difference is due to random causes. We 
speak about the 5 %, 1 % and 0.1 % limit for this probability, 
and designate these limits with 1, 2 or 3 stars. A variance ratio 
with ** therefore means that the probability, that a difference is 
only due to random causes, is less than 1 : 100. 


Random sampling. 

Where the population is known to be normally distributed, and 
where the true value of the mean and the variance is known, 
the theoretical curve for the population may be calculated. The 
observed curves can then be compared with the theoretical curve 
by ^-analysis, so that one may obtain an expression for the (good- 
ness of fil». In this way one may learn if the observed curves 
deviate more from the true distribution than allowed for by ran- 
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dom sampling errors. In other words, one gets a measurement 
of the magnitude of the possible technical errors. 

Where the true distribution of the population is unknown, this 
method can not be used. One may, however, add together a lame 
number of observations into a grand total, and presume that this 
grand total is the best expression of the true distribution of the po- 
pulation. In order to learn how much of the variation which is due 
to random causes, one may draw new samples from this grand total 
by random sampling. The frequencies so obtained can be grouped 
in classes and treated in the usual way. The distribution of samples 
so obtained will only be influenced by random sampling errors, 
whereas errors due to technical faults, faulty measurements etc. 
will be eliminated. To evaluate the importance of these technical 
errors one may then compare the samples obtained by random 
sampling from the grand total with the samples really obtained, 
using ^-analysis, analysis of variance, or other means. 

The random sampling can be made by writing out the fre- 
quencies of the grand total on paper slips, putting them in a hat 
and really drawing lots. But it may be done in a more practical 
way by using random sampling numbers, tables especially prepared 
for this purpose. In the present work, such tables prepared by 
Tippett have been used. For further details ref. Tippett, Yule & 
Kendall and Kendall. 

In this work analysis of correlation, curvefitting and other 
statistical methods will also be used. We will here follow pro- 
cedures described in the usual text-books of statistics. 



PART I 

MEASUREMENT OF THE RED BLOOD CELL 
DIAMETERS 

CRITICAL EVALUATION OF THE METHODS 




CHAPTER III 


Measurement by projection. The errors of 

the method. 


We have shown in the introduction that the different methods 
for measurement of the red blood-cells’ diameter has both <<pci- 
sonaI» and «lcchnical» errors. In order to analyse these cnois 
more closely it is practical to start out with one method ■ 
review it in detail, and then later investigate how it varies 
from other methods for measurement of the diameter of the 
blood cells. Fig. 1 shows that the method with projection of 
the blood films gives results which show the greatest conformity 
between different authors. This method has a scries of practical 
advantages as well and it is therefore natural to choose it as a 
basis for the investigation. 

Price Jones’ method 

as described in detail by Mogknshn (1 p. 21), was employed with the follow- 
ing changes: The blood films were coloured with «May-Gnincwald-Gicmsn’s 
stain* instead of the «Jcnner stain*. Instead of a projection prism, which 
could not be obtained because of the war, I used a Lcitz drawing ocular. 
The microscope’s degree of enlargement was adjusted to exactly 1000 x 
against a Zeiss objeclmicromctcr with a 10 my scale. The optical equip- 
ment of the microscope was an achromatic oil immersion objective 1/12 
Lcilz and a Lcitz drawing ocular which enlarged 8 x. A random selec- 
tion of blood cells was drawn with a sharp, hard pencil, and their size 
was then measured on the drawings. The largest and the smallest dia- 
meter were measured and their mean reckoned as the blood cell’s diameter. 
Measurement was done with an accuracy of Vs mm, with scales specially 
prepared for the purpose. The same scales have been used throughout 
the whole investigation. Since the degree of enlargement is 1000 x, Vs mm 
corresponds to Vi my. 
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The errors of the method. 

Experiment no. 1: In order lo dclermine the errors, 5 blood 
films were prepared in rapid succession from a normal person. 
The five stained preparations were investigated by 3 different 
assistants. Each assistant measured 500 blood cells in each blood- 
film, distributed over 5 series, each of 100 blood cells. We 
had therefore altogether 75 series each of 100 blood cells distri- 
buted over 5 films and 3 assistants, with 75 determinations of the 
mean diamcLer and the standard deviation (table 1). 


TABLE 1. 

Fit’c blood films prepared in rapid succession from the same person. 
Mean diameters and standarddeviations (in my), as determined by three assistants 
draining and measuring 5 series of 100 cells in each film. 


Blood ' 

A s sis t a n t 


film no. j ^ 

11 

1 C 

G.OS - 0.17 

G.87 - 0.38 

7.21 - 0.G0 

7.0 1 - 0.53 

G.73 - 0.39 

7.15-0.53 

1 0.92 - 0.52 

G.93 - 0.35 

C.96 - 0.51 

7.10 - 0.5G 

G.90 - 0.38 

0.98 - 0.52 

6,96 - 0.17 

G.93 - 0.39 

G.91 - 0.58 

7. OS - 0.10 

0.90 - 0.3S 

7.05 - 0.52 

G.95 - 0.19 

G.87 - 0.3G 

7.2G - 0.59 

2 7.07 - 0.12 

G.95 - 0.35 

7.13-0.57 

7.13-0.11 

G.89 - 0.39 

G.93 - 0.52 

G.92 - 0.1 S 

G.89 - 0.11 

G.9G - 0.52 

• G.92 - 0.1G 

G.97 - 0.13 

7.03 - 0.52 

G.93 - 0.39 

6.91 - 0.37 

7.09 - 0.G1 

3 0.99 - 0.53 

7.02 - 0.10 

0.98 - 0.51 

G.S2 - 0.17 

G.99 - 0.35 

6.92 - 0.55 

G.GG - OAS 

G.97 - 0.3G 

7.00 - 0.00 

7.13 -0.1G 

G.93 - 0.35 

G.79 - 0.59 

, 7.00 - 0.17 

6.91 - 0.3G 

G.75 - 0.56 

1 , 7.21-0.52 

G.95 - 0.37 

C.81 - 0.53 

’ 7.20-0.17 

7.00 - 0.39 

G.OS - 0.51 

i 7.20-0.51 

G.S7 - 0.3S 

7.13-0.01 

i 

I 7.0G-0.50 

G.93 - 0.39 

7. OS - 0.G0 

| 7B0-0.52 

7.00 - 0.10 

0.S7 - 0.53 

5 | 7.0S - 0.15 

G.90 - 0.37 

7.02 - 0.57 

7.15 - 0.15 

G.85 - 0.31 

7.01 - 0.50 

j 7.05-0.19 

G.82 - 0.39 

0.8G-0.5S 
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The analysis of variance (tables 2 — 3) shows that both the de- 
termination of MD and s varies more in this experiment than 
allowed for by random sampling. The analysis of MD shows a 
significant variance ratio between the determinations made in 
the different blood films, as well as between determinations made 

TABLE 2. 


Analysis of variance of data in table 1. 
Variance of mean diameters. 


Item 

Degrees of 
freedom 

j Variance 

Between assistants . . . 

2 

4 

0.0982 

Within assistants .... 

72 

o 

S\V 

0.0106 

Between blood films . 

12 

O 

s h 

0.0247 

Within blood films 

CO 

o 

s“ 

0.0078 

Total . . . i 

i 

74 ; 

n 

s 7 

0.0130 


Variance ratio: 

2 2 2 

: 3.17** : 12.59*** -III : 3.9S* 

2 9 o 

s w s w s r. 


TABLE 3. 


Analysis of variance of data in table 1. 
Variance of standard deviations. 


It'em 

Degrees of 
freedom 

| Variance 

Between assistants . . . 

| 

2 

sj} 0.1952 

Within assistants . . . . 

72 

SyyV 0.0012. 

Between blood films . 

12 

s jj 0.0008 

Within blood films 

CO 

s“ 0.0012 

Total . . . 

74 | 

s ‘f O.OOG1 


Variance ratio: 


s~ g — 

~ • 1.50 — fi. : 1G2.C7*** 
S b S \V 
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by the different assistants. Whether this second difference is real 
is measured by the ratio: 


which in this experiment is 3.98* The ratio shows that the dif- 
ference probably, but not definitely, is real. But when the ana- 
lysis is altered so that ((variation between the blood films» becomes 
the primary, ((variation between assistants)) the secondary cause 
of variation, this ratio becomes 1.06, Which is not significant. 
Were the difference between assistants due to differences be- 
tween the blood films, this ratio ought to have been greater. The 
conclusion must be that in this experiment, it is a real difference 
between the different assistants’ determinations of MD. 

When it concerns the standard-deviation the experiment is more 
definite. The variance ratios show a great certainty for a dif- 
ference between the individual assistants’ determination of the 
standard deviation, but no significant difference in the assistants’ 
determination of the standard deviation in the different blood 
films. 


Errors due to measurement. 

Experiment no. 2: The variation between the individual assi- 
stants may be due to the fact that they draw the blood cells 
differently or that they measure them differently, or both. The 
personal errors in measurement must disappear if all measure- 
ments are done by the same person. The drawings which were 
prepared for experiment no. 1 were therefore remeasured by a 
fourth assistant (tables 4, 5, 6). 

When drawings from experiment no. 1 are remeasured by a 
fourth assistant, the observed difference in experiment 1 between 
the individual drawers’ determination of the mean diameter dis- 
appears. The measurement of MD must therefore be subject to 
causes of variation peculiar to each assistant, and these causes of 
variation must be connected with the measurement of the blood 
cells. 
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TABLE 1. 

Mean diameters and standard dentations (in my) determined by assistant D 
when measuring the drawings from table J. 


Wood 
film no. 

Drawn by assistant 

| A 

H 

C 


G.S1 - 0.52 

G.81-0.-11 | 

7.15 - 0.57 


(i.82 - 0.5G 

! G.OG- 0.-13 [ 

7.0 1 - 0.53 

1 

G.G2 - 0.-18 

0.80- 0.52 ! 

0.85 - 0.50 


G.S7 - 0.5G 

7.05-0.15 : 

0.00 - 0.53 


G.8G - 0.17 

7.15-0.51 | 

G.SG - 0.0 1 


G.SG - 0.50 

0.7 1 - 0.53 i 

0.05 - 0.53 


0.83 - 0.5 1 

0.70 - 0.-1 1 j 

7.15 - 0.-19 

o 

fi.Ofi - 0.52 

o.7o - n.3o ; 

0.00 - 0.58 


0.99 - 0.13 

0.70-0.10 

0.82 - 0.52 


0.75 - 0.50 

G.SG- 0,-1 0 ; 

0.83 - 0.17 


G.GO - 0.17 

0.0 1 - 0.5 1 ! 

0.0 1 - 0.55 


0.78 - 0.1 S 

0.75 - 0.12 ! 

0.00 - 0.50 

3 

0.02 - 0.50 

O.OS - 0.10 • 

G.S7 - 0.50 


0.03 - 0.50 

0.02 - 0.1 1 : 

0.82 - 0.58 


0.85 - 0.57 

o.oo - 0.13 ; 

0.03 - 0.52 


0.80-0.51 

0.70-0.10 ■ 

0.03 - 0.58 


0.07 - 0.52 

0.70-0.11 

0.57 - 0.53 

•l i 

7.07 - 0.55 

0.81 - 0.17 

0.0 | - 0.51 

{ 

j 

7.13 - 0.51 

0.83-0.11 

0.70 - 0.51 


7.07 - 0.52 

0.77 - 0.1 1 ! 

0.03 - 0.5 1 


0.03 - 0.5 1 

0.80-0.18 : 

7.0 1 - 0.58 


0.05 - 0.5 1 

0.07-0.11 

0.80 - 0.58 

i 

0.00 - 0. 10 

0.02 - 0.10 

7.00 - 0.51 

! 

7.00 - 0.52 

0.71 - O. lo 

0.00 - 0.51 

i 

/.ti< - 0.50 

0.01-0.15 ' 

0.80 - 0.5 1 


> difference liehvccn Hie .single assislanls 1 ilelermiaalion or 
C Mill remains svlien II, e dmrvinos are mcn- 

a assislnnl, and Ihc difference ran IJierefcre on I lie 
whole, no, he ,|„c ,o I He n, ensure,,, cm. B,„ one ,, av n„l rim 

standard ,1^1,1 "* nUn 'afnc of 
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TABLE 5. 

Analysis of variance of data in tabic 4. 
Variance of mean diameters. 


Item 

Degrees of 
freedom 

Variance 

Between draughtsmen . . 

2 

si 

0.0175 

Within draughtsmen . . 

72 

2 

S\V 

0.0180 

Between blood films . 

12 

si 

0.0510 

Within blood films 

GO 

O 

s w 

0.0114 

Total . . . 

74 

s t 

0.0180 


Variance ratio: 


s T. s |. 

— “ ; 4 . 47 *** — - : 2.91 

o 2 

s w s IS 


TABLE G. 


Analysis of variance of data in table 4. 
Variance of standard deviations. 


Item 

Degrees of 
freedom 

Variance. 

Between draughtsmen . . 

2 

2 

S B 

0.0557 

Within draughtsmen . . 

72 

2 

S W 

0.0016 

Between blood films . 

12 

2 

1 s b 

0.0013 

Within blood films 

60 

1 ° 
S W* 

0.0016 

Total . . . 

74 

s t 

0.0030 


Variance ratio: 

2 2 

t 23 _i| : 34.81*** 

Sfa ' ' s \v 


Experiment no. 2 shows another interesting fact: If one com- 
pares, in the analysis of the mean diameters, the variance of the 
grand total iri experiment nos. 1 and 2, one finds that this is gi eater 
in experiment no. 2, (0.018 against 0.013). Similarly, s w is largei 
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in experiment no. 2 than in experiment no. 1 (0.0114 against 
0.0078). s 2 is a measure for the variation which is due to «erro 
in the experiment. When this figure is much gi eater in expen 
ment no. 2 than in experiment no. 1, this means that the assistant 
in experiment no. 2 works more inaccurately than the assistants 
in experiment no. 1. The difference between the individual assist- 
ants’ determinadon of the mean diameter in experiment no. 1, 
which has disappeared in experiment no. 2, may therefore be 
hidden in the higher value for s 2 , and experiment no. 2 can there- 
fore not be used as an argument to prove that a difference in 
drawing docs not play a role. 


Errors due to drawing. 

It is shown in experiment no. 1 that there is a difference between 
the individual assistants’ determination of MD. This difference 
may be due either to the individual assistants unconsciously choo- 
sing large or small blood cells for the drawing (Yule & Ivendall 
p. 337) or to their drawing the same cells in different ways. 

Experiment no. 3: A grid-net with approximately % mm distance 
between the lines was drawn in on a blood film. There were then 
a little more than 200 blood cells in each square. 5 squares in 
different parts of the preparation were marked, and assistants A, 


TABLE 7. 

The same 5 scries of 200 cells in one film drawn hi] assistant A, 13 and C. 
All measurements by assistant E. 
il/cnn diameters and standard-deviations in my. 


Senes no. 

i 

i 

A ! 

• 1 

11 

C 

i 

- 

i 7.56 - 0.56 

7.24 - 0.69 

7.61 - 0.73 

2 

7.69 - 0.58 

I 

7.09-0.6S 

7.43-0.60 

3 ' 

7.70 - 0.55 

7.22-0.66 

7.37 - 0.66 

4 

7.46 - 0.50 

7.17-0.66 

7.62-0.66 

5 

7.56 - 0.50 

7.14 - 0.65 

| 7.GG-0.G5 
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B, and C drew the blood cells in these squares. By comparing the 
drawings afterwards it was possible to identify the individual 
blood cells, and thereby make certain that the identical cells had 
been drawn. All the drawings were measured by assistant E 
(Table 7). The design of the experiment made the drawing more 
difficult than usual, a fact which is expressed by the standard 
deviation being greater in this experiment than in the pre- 
vious one. 

The analysis of variance (table 8) shows that in spite 
of the fact that in this experiment the same blood cells have 

TABLE S. 


Analysis of variance of data in table 7. Variance of mean diameters. 


Item 

Degrees of 
freedom 

Variance 

Variance ratio 

Between draughtsmen 

2 

0.2671 

i 

23.47*** 

Within draughtsmen 

12 

| 0.0114 


Total 

14 

0.0479 



been drawn, the variation between the individual assistants 
is very great. This and similar experiments shows that the 
drawing of the blood cells must be subject to such large personal 
errors that this part of the method should be cancelled. Further 
experiments which were made before the method was given up 
showed that several conditions were of importance: The intensity 
of the light in the microscope and on the drawing paper, the height 
and slope of the working table, whether a plane or concave mirroi 
was used. But, above all, the assistants’ degree of fatigue is of 
importance. Drawings prepared by the end of the working hours 
were considerably worse than those drawn when the assistant 
was rested. 


Photography. 

If drawing is rejected as a method for reproduction of the blood 
cells, and if one wants to retain the principle of the projection 
method, one can photograph the blood cells with a known degree 
of enlargement and measure the diameter on the photographs. 
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But with photography a series of new possible sources of error 
is introduced. The most important is that the field of vision 
in the microscope is not a plane surface. If, therefore, the centre 
of the field of vision is focussed, the peripheral parts of the field 
will be out of focus and therefore blurred. 

The optical equipment. 

Experiment no. 4: A blood film was photographed with dif- 
ferent microscopical equipment. 500 blood cells were measured 
in each of the field-of-vision’s central, middle, and peripheral third 
part. If the curving of the field is of no importance there should 
be no disagreement between these measurements. (Table 9, 10). 

TABLE o. 


Photography of the red blood cells. 

Showing the influence of different optical equipment and of the 
curving of the visual field on MD and s. ( values in my). 


Part of field 

I lay gen 10 x 

Eyepiece 
! Pcripinn 10 x 

: Pcripinn 10 v 

Oil Immersion objective 
achromatic j achromatic j npocliromntic 

Central part .... 

1 

7.19/0.51 

G.S2/0.51 

7.1G/0.40 

Middle pari .... 

G.77/0.G0 

i 

G. 52/0. 65 | 

G.91/0.4S 

Outer part .... 

1 

G.4G/0.G2 

i 

G.31/0.GG | 

G.51/0.15 


TABLE 10. 


Analysis of variance of data in table 9. 
Variance of mean diameters. 


1 tern 

1 Degrees of 
i ' freedom 

j 

I Variance 

! 

! Variance ratio 

1 

Between different optical outfits 

2 ! 

0.0SG2 


Within optical outfits 

i 

G I 

i 

0.0991 

1.15 

Between different part of fields 

2 

0.2S8S 


Within part of fields . . . 

G 

0.0310 

9.12* 
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Fig. 3: The authors camera for photography of red blood cells. 

The source of light, a 25\v < 6a poinllight bulb, is placed in a lamp 
holder in the position of the microscope mirror. The lenses in front of 
the lamp are adjusted so that the point of image of the light source is 
positioned in the diaphragm opening of the substage condenser. The 
source of light is centered once and Tor all. 

The microscope was equipped with a Lcitz oil-immcrsion-objcctive 
1 j 12 aclirom. and Lcitz periplan ocular 10 x. As film, ordinary electro- 
cardiographic paper was used. This paper has such a narrow margin 
for exposure that errors in exposure lime are eliminated. If the pictures 
are wrongly exposed they are so poor that they have to he discarded. 

The size of the picture, 7x7 cm, or approximately 30 % of the whole 
field of view, was sufficiently small to prevent that the conditions men- 
tioned in experiment no. <1 could be of any importance. 

With given optics and lube length, the degree of enlargement depends 
upon the distance from the ocular of the microscope to the focussing 
screen. The box was therefore at first, during the construction, only 
attached to the legs with loose screws and the height was regulated until 
the degree of enlargement was exactly 1000 x. In this position the box 
was screwed firmly together. 

Comparison between drawing and photography. 

Experiment no. 5: Two fields with altogether 8S blood- 
cells, were marked in on a blood film. These 88 blood cells 
were then drawn and photographed 5 times, and measured by 
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Fig. 4: Frequency curves obtained -when the same 88 blood cells were drawn 
(left) and photographed (right) five times. (Measurements by assistant A.). 


assistant A. Fig. 4 shows that the frequency curves are more 
even and show a better concordance with the photographical 
method. 

Experiment no. 6: How great is the improvement in the method 
when the blood cells are photographed instead of drawn? In 
order to answer this question the same 5 preparations which 
were used in experiment nos. 1 and 2 were photographed and 
measured by assistant A. (Table 11 A.) 

The table shows a considerable improvement compared with 
the results in table 1-A. To ensure that this was not just due to 
chance, 3 new series, each of 5 preparations, were prepared from 
normal persons, and these series were photographed and measured. 

The first thing one notices by comparing the figures in table 
1 1-A with the corresponding figures in table 1-A is that the dia- 
meter of the blood cells has increased. The mean diameter for 

each blood film is given in table 12. 

The cause of this will be discussed later (experiment 13 
pg. 68). The second thing one notices, is, that the concordance 
between the values obtained is much better when the blood cells 
are photographed (tables 13 — 14). 
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table 11. 

Blood films prepared in rapid succcsion. 

Mean diameters and standard deviations determined by 
measurements on photographs. 

5 series of 100 cells in each film. 



S u 1) j e c t s : 


I 

1 n | 

III 

IV 

! 

Assistants: 


A 

B 1 

E 

E 

7.76-0.48 

t 

7.99-0.43 

! 

7*76 - 0.43 

I 

! S.23-0.17 

7.76 - 0.50 

8.03 -0.51 j 

7.90-0.46 

| 8.19-0.45 

7.80-0.47 

8.04 - 0.4G 

7.68 - 0.49 

i 8.23-0.42 

7.77 - 0.52 

8.02-0.46 

l 7.71 - 0.44 

! 8.20-0.46 

7.73-0.41 j 

S.05 - 0.46 

! 7.62-0.47 

! 8.28-0.46 

7.81-0.45 i 

8.00-0.39 

. 7.76-0.41 

j S.12-0.45 

7.76 - 0.47 | 

7.96-0.15 ! 

1 7.S5-0.43 

' 8.19-0.42 

7.73-0.50 

8.07-0.48 

! 7.77 - 0.47 

I 8.21 - 0.46 

7.75 - 0.43 | 

8.06-0.44 

1 7.80-0.40 

| 8.20-0.42 

7.79-0.45 

8*08-0.53 i 

7.77-0.46 

i 

S.1S-0.4S 

7. SI - 0.39 

8.01-0.48 

1 7.78-0.55 

8.24 - 0. 45 

7.77-0.44 

8.07-0.50 I 

! 7.69-0.40 

, S.22-0.1S 

7.77 - 0.50 

8.03-0.40 

7.74 - 0.50 

: 8.24-0.51 

7.77-0.44 

8.03 - 0.46 

’ 7.78-0.45 

8.20-0.12 

7.79 - 0.45 

8.08-0.46 

; 7.69-0.45 

t 8.28-0.48 

7.76 - 0.41 

8.05-0.54 

7.82-0.41 

i 8.17-0.51 

7.74 - 0.43 

8.13 - 0.45 

I 7.83-0.42 

S.19-0.11 

7.75 - 0.43 

8.04 - 0.15 

! 7.83-0.43 

8. IS - 0.43 

7.72-0.44 j 

8.02 - 0.43 

7.83-0.17 

! S.18-0.47 

7.7S - 0.50 

S.01 - 0.43 

i 7.S8-0.4S 

; 8.23-0.51 

7.73 - 0.44 

S.ll - 0.59 

7.77 - 0.44 

} 

! 8.14-0.4*1 

7.74 - 0.4S 

8.0G - 0.47 

7.79 - 0.50 

; 8.10-0.40 

7.73-0.48 

8.00-0.47 

7.80 - 0.44 

; 8.17-0.14 

7.67 - 0.47 

7.99-0.4S 

7.77 - 0.40 

i 8.16-0.48 

7.60 - 0.44 

8.01-0.50 

7.76-0.41 

| 8. IS - 0.41 


The variance ratio shows that there is now no significant diffe- 
rence in the determination of the standard deviation in the different 
preparations when the determination is made by the same assis- 
tant. Tlieie is still a significant difference in the mean diameter 
between the single preparations in series I and IV and a probable 
difference in scries III. Series II lias no significant difference. 
This is due to the fact that this assistant’s sj; is considerably smaller 
than that of the other assistants. The reason is that this assistant 
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TABLE 12. 

Showing the difference in MD when blood cells are measured by the same 
assistant according to Price Jones’ method and on photographs. 
(Data from table 1 — A and 11— A. Values in my). 


Blood film no. 

Drawings 1 

i 

Photograps 

Difference 

1 

7.00 

7.76 

0.76 

2 

7.03 ! 

7.77 

0.74 

3 

6.92 

1 

7.78 

0.86 

4 

7.17 

7.75 

0.5S 

5 

7.09 

7.69 

0.60 

Average 

7.04 

7.75 

0.71 


TABLE 13. 


Analysts of variance of data in table 11. 
Variance of mean diameters. 


Subjects 

l Variance 

Variance 

ratio 

Total 

Between blood | 
films 

S Within blood 
| films 

I 

1 

0.0020 

0.0059 

0.0012 

4.92** 

11 

0.0015 

0.0005 

0.0017 

3.40 

III 

0.0041 

0.0093 

0.0031 

3.00* 

1 

IV 

0.0018 

0.0061 

0.0010 | 

6.10** 


TABLE 14. 

Analysis of variance of data in table 11. 
Variance of standard deviations. 


Subjects 

Variance 

1 

Variance 

ratio 

Total 

Between blood 
films 

Within blood 
films ’ 

I 


0.0010 


1.10 

II 

' 

0.0017 


1.12 

III 

1 1 ' i 1 

0.0009 


1.55 

IV 

J 0.0011 

0.0010 ! 

! 

Bgg 

1.10 
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has a personal methodical error in the measurements. This assis- 
tant ('draws towards the centers and all her measurements are 
therefore gathered around the figure 8 my. These error is discussed 
further on page 62. s - is- a measure for the causes of variation 
which are not due to differences between the preparations. 
While s“ in experiment no. 1 was 0.0078, in experiment no. 2, 0.0114 
and in experiment no. 3, 0.0114, We find in experiment no. 6 where 
the blood cells have been photographed, that the figure has de- 
creased to between 0,0010 and 0.0031 with a mean of 0.00175. 
This shows that important errors have been eliminated. 


Other technical errors. 

The spreading oj the blood film. 

Pixel has shown that the distribution of the leucocytes in 
a blood film depends upon certain factors such as the slope of, 
and the pressure applied on, the cover glass, the speed with which 
the blood film is spread, and other factors. In order to eliminate 
these errors lie has constructed a «hemoetalcur a commando 
hydraulique». 

Experiment no. 7: According to Pixel's description I made 
a small apparatus for mechanical preparation of the blood film: 

A plane object slide, carefully cleaned, is placed in a frame on « smalt 
apparatus table which is exactly horizontal. A small sledge with n plane 
ground cover glass at an innglc of *15°, guides the cover glass across the 
slide. A falling weight provides the power for the movement and a 
brake regulates t h» speed of the sledge. A weight of approximately GO 
grams presses the cover Jilass against the slide (for further reference 
see Pinf.j.). ! 


Aftci the apparatus was adjusted, 5 mm 3 blood were placed 
on the slide in such a way that, the blood drop spread out 
along the edge of the cover glass. The weight pulled the cover 
glass across the slide and the blood film was tlms prepared 
completely mechanically. The Wood films were apparently quite, 
peifecl. Ihe length of the bloolj film varied between 54 mm and 
° 6 mm. The width was 20 imn> ; md the area of the blood films 
varied therefore between 1080 mm 8 . and 1120 mm-. The blood 


4 
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cells were evenly distributed and did not, on ordinary inspection 
appear to be deformed. Two series, each of 5 preparations, were 
made by this method, stained, photographed and measured, as 
in experiment no. 6 (tables 15, 16). 


TABLE 15. 

Blood films prepared with, nhdmoeialeur a commande hijdraulique». 
Measurements from photographs by assistant E. 

Mean diameters and standard deviations (in my) in series of 100 blood cells, 


Blood film 

Sub j ect 

V 

VI 


7.82 - 0.43 

7.53 - 0.39 


7.91 - 0.48 

7.48 - 0.45 

no. 1 

7.88 - 0.49 

7.45 - 0.51 


7.92 - 0.51 

7.53 - 0.48 

1 

7.86 - 0.51 

7.56 - 0.54 

■ 

' 7.76 - 0.48 

7.41 - 0.43 


7.92 - 0.47 

7.41 - 0.40 

no. 2 

8.00 - 0.46 ! 

7.36 - 0.30 


7.97 - 0.50 

7.63 - 0.46 


7.86 - 0.48 j 

7.58 - 0.51 


7.84 - 0.44 

7.72 - 0.54 


8.00 - 0.46 

7.68 - 0.46 

no. 3 

7.82 - 0.47 

7.56 - 0.40 


7.88 - 0.49 

7.55-0.52 


7.92 - 0.48 ! 

7.75 - 0.44 


7.58 - 0.53 

7.72 - 0.47 


| 7.63 - 0.49 i 

7.69 - 0.43 

no. 4 

7.51 - 0.50 ! 

7.64 - 0.53 


7.45 - 0.51 

7.57 -0.48 


7.51 - 0.54 | 

7.52 - 0.54 


7.67 - 0.44 

7)48 - 0.49 


7.74 - 0.45 

7142 - 0.49 

no. 5 

7.70 - 0.55 ; 

7.44 - 0.38 


7.67 - 0.47 

7.56-0.51 


7.67 - 0.47 i 
(' ■ M 1.l 

/ 7.39 - 0.43 


In spite of the fact that the films here are prepared in a com- 
pletely mechanical way there is still a definite difference between 
the preparations, sj has as well increased compared with the 
corresponding figures in the previous experiments. Since 
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TABLE 16. 

Analysis of variance of data in (able 15, 
Variance of mean diameters. 


Subjects 

Variance 

— 

Variance 

Total 

Between blood 
films 

Within blood 
films 

ratio 

V 

0.0254 

1 

0.130S 

1 

0.0042 

31.14*** 

VI 

0.0125 

: 

0.0395 

0.0071 

5.56** 


technique for spreading the blood film is the only thing which 
has been changed, one may assume that the mechanical prepara- 
tion of the blood film docs not represent any advantage in 
the measurement of the blood cells’ diameter. The experiment 
docs not show that the spreading of the film is without importance, 
but the considerable difference between the preparations found 
in this experiment is surprising, considering the uniform size and 
faultless appearance of the preparations. 

Docs the spreading alter the cell-size? As mentioned in the in- 
troduction, are the opinions on this question divergent. To settle 
the question, the author made several comparative measurements, 
without being able to prove any definite difference between 
the dry and the wet method. But I am aware that such parallel 
investigations are of conditional value. I therefore tried to settle 
the question by the following experiment: 

Experiment no. S: In experiment no. 7 where the blood 
films were prepared with «hemoetaIeur», it was found that 5 emm 3 
blood covered an area of 1080—1120 mm 3 . In the moment of prep- 
aration the thickness of the blood layer is therefore approximately 
5 my. The blood cells have an average thickness of approximately 
2 my, and one may therefore presume that they arc completely 
submerged in plasma at the moment of preparation. The total 
area of the blood film does not decrease during the drying. If, 
therefore, the blood cells change in size during drying, the distance 
between the individual blood cells must change. 
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One blood film was prepared with ohemoetaleur* and a part 
of the film was immediately covered with a cover glass greased 
along the edge. The blood under the cover glass remained fluid 
whereas the rest of the preparation dried up. Another coverglass 
was placed over the dry part of the preparation, and both parts 
were photographed. Two equally large photographs from these 
two fields were then selected, and all blood cells in the pictures 
were cut out. By weighing the blood cells which had been cut 
out, and the rest of the photograph, one obtained a measure for 
the part of the field which was covered by blood cells, and how 
great a part of the field which was «space between». There was no 
measurable difference of the «space between* in the two photo- 
graphs, and I therefore agree with those authors who state that 
the diameter of the red blood cells remains unaltered during the 
act of drying. 

The authors who have another opinion (jfr. pg. 14) may have 
overlooked some points: Coliatz states that the blood cells 
increases in diameter when blood films are made. But he mea- 
sured the dried cells with an ocular micrometer, whereas the wet 
cells were photographed. These two methods certainly do not 
give concordant results. 

Price Jones (2), who states that the cells decrease in size during 
drying seems to have used oil immersion objective for the investiga- 
tion of the blood film, and dry lens objective when measuring the 
wet preparations. In experiment no. 6 it is shown that these 
two methods are not equal. Use of different coloured light and the 
colour of the film, may also come in as possible factors explaining 
the differences observed by some authors. 

Ponder (1) objects that in Price Jones’ method the blood 
cells are deformed when the blood film is prepared so that they 
are not of the same size in the different parts of the preparation . 
And v. Boros (1) objects that in the measurement of the blood- 
cells’ diameter in blood films, their diameter depends upon 
the thickness of the preparation. It is an unalterable demand in 
Price Jones’ method that the blood film shall be so thin that the 
single blood cells are completely isolated from each other, and 
von Boros’ objection needs therefore not be considered. Ponder s 
objection can be estimated by experiment no. 6. In each series, 
100 blood cells are measured, and the standard deviation m all 
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the series averages 0.45 my. The standard error of AID is 

therefore -4= = ^7==~- = 0.045, and the square of the standard 
Y n V 100 

error is 0.002025. s“ must he allowed to have approximately 
this value and table no. 13, pg. 48 show that it is only excee- 
ded in series III. The individual fields in this experiment were 
placed, one field in eacli corner and one in the centre of the pre- 
parations. They have therefore been selected from different loca- 
tions in the preparation, and there is nothing to substantiate that 
Pondeb’s objection applies here. Neither have I been able to 
find a difference as mentioned by Ponder in a series of similiar 
experiments which I have made. It will later be shown (experi- 
ment no. 16), that deformation of the blood cells as mentioned by 
Pondeb, really does occur. But by using Price Jones’ technique, 
measuring the largest and the smallest diameter of each cell and 
then talcing the mean of these two figures, this source of error is 
eliminated. 


The staining of the blood film. 

If the colour of the blood cells is of any importance one 
would obtain a different diameter when the same blood cells are 
photographed in a different coloured light. 

Experiment no. 9: Two fields in a blood film, with altogether 
98 red blood cells, were photographed 5 times in white light, and 
o times with different coloured light (table 17). The variance 
ratio between white light/coloured light is 440**. 

TABLE 17. 

Mean diameters (in my) of the same 9S blood cells when photographed 
in white and in coloured light. 


White light 7.77 

Red light 

7.GG 

7.74 

Violet light 

7.6S 

7.C7 

Yellow light 

7.G7 

7.70 

Yellow-green light 

7.71 

7.71 

Blue light 

7.SG 
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.The difference between the lowest and the highest MD when 
the same blood cells are photographed in different light is 0.20 
my or 4.5 times the standard error. 

Experiment no. 10: It is possible that the colour is of importance 
as shown by experiment no. 9, but then the difference must be due 
to the staining of the preparations, because all photography in 
the previous experiments was made with the same source of light. 
It is known that the colour of the blood films depends upon 
the Ph during the staining. 10 blood films, made in-rapid succes- 
sion from the same person, were mixed so that their relative 
sequence was unknown. They were divided into two series, A 
and B. One preparation from each series was stained at different 
Ph. The diameter was measured after photography in white 
light. 200 blood cells were measured in each preparation. In this 
experiment it is therefore not the same cells which are measured. 
By mixing the preparations it was intended to eliminate the 
possibility that the blood cells might have different sizes in the 
individual drops. 

The preparations which were stained at Ph 5.6 had a light 
rose stain, preparations which were coloured at Ph 8.2 were dark 
blue. In this experiment (table 18) there is a steady increase in 
MD from the rosa to the blue preparation. The difference is res- 
pectively 0.32 and 0.27 my for the two series. The variance 


TABLE 18. 

MD (in my) of blood films from the same person when stained at different Ph, and 
photographed in while and in yellow-green light ( N : 200), 




White 

: light 

Yellotv-gi 

reen light 



Scries A 

I Series B 

Series A 

Series B 

Pll 

5.0 

7.52 

7.56 

1 

7.65 

7.67 

Ph 

6.3 

7.59 

7.65 

7.63 

7.65 

Ph 

6.8 

7.69 

7.65 

7.65 

7.67 

Ph 

7.7 

7.66 

7.76' 

7.64 

7.66 

Ph 

8.2 

7.84 

7.83 

7.62 

_ 

7.69 
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ratio (between Ph/within Ph) is 14.32**. In this experiment, as 
in the previous one, the MD of the blue preparation deviates 
most from the others. 

If it is the different colour which is the cause of the difference 
in MD, this difference ought to disappear when the preparations 
are photographed in monochromatic light. They were therefore 
photographed once more, this time in a strong yellow-gieen 
light (The light was not purely monochromatic). 

The variance ratio between Ph/within Ph now is 6.08 which 
is not significant. The difference in MD between the individual 
preparations is gone. 

The objection may be raised that the colour of the preparations 
may result in different values for the blood cells’ MD in experi- 
ments like the two just mentioned, but that this cannot have any 
practical significance since the staining of the preparations always 
is done at the same Ph and since the photography always is done 
with the same source of light. That this reasoning is not correct 
is shown by the following experiment: 

Experiment no. 11: In order to decide if the diameter of the blood 
cells changes in the same person during any length of time, films 
from 5 persons who were all normal, were taken over a certain 
period. In the case of 4 of these persons, the preparations were 
stored unstained in a drawer until, by the end of the experi- 
ment, they were all stained and investigated. In the case of the 
5th person, the preparations were by chance stained as they were 
prepared. Mean diameters and standard deviation in this series 
when the preparations were photographed in white light and in 
yellow-green light are given in table 19. 

By calculating the mean value of MD and the distribution 
around this mean for each series in the two experiments, the 
figures in table 20 arc obtained. 

The table shows that there is a considerable variation in MD 
in the same person when the photography is done in white light, 
but the variations decreases in all cases when the photography is 
done in yellow-green light. The variation is decidedly smallest 
between preparations from T. S., whose preparations were stained 
at the same time as they were taken. 

The chemical processes which take place in a blood film stained 
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with the usual polychromatic stains are little known. But it 
is known that a uniform stain is not always obtained even if all 
technical details like staining time, concentration of staining 


TABLE 19. 

MD and s (in my) in blood films from five normal subjects, taken during S 
weeks and photographed in white light and in yellow light (N: 200). 


j 

Date 

Blood films Irom: 

S. B. ! 

A. J. j E. P. 

S. S. | 

T. S. 


Photographed in white light: 


11/4 j 

7.73-0.50 

7.45-0.43 

7.53 - 0.43 

7.28-0.47 

7.54 - 0.44 


7.58-0.44 

7.73 - 0.48 

7.99 - 0.47 

7.43 - 0.42 

7.35 - 0.49 


7.28 - 0.47 

6. 86 - 0.52 

7.47-0.41 ! 

6.99-0.43 1 

7.34 - 0.43 

12/5 

7.54 - 0.44 

7.43-0.41 

7.79-0.43 


7.49 - 0.47 

4/6 

1 

1 



7.47 - 0.44 


Photographed in yellow light: 


11/4 | 

7.62-0.45 

} 

7.45-0.45 

1 

7.53 - 0.43 

7.29-0.42 

7.45 - 0.44 

20/4 | 

! 7.56 - 0.44 

1 

1 

; 7.62 - 0.41 

1 

7.69 - 0.43 

7.31 - 0.47 

7.43 - 0.41 

30/4 

1 7.68-0.47 

j 7.51 - 0.42 

7.48 - 0.42 

7.12-0.43 

7.37 - 0.47 

12/5 

! 7.45-0.43 

7.59 - 0.42 

7.41 -0.44 


7.49 - 0.45 

4/6 

1 




7.47 - 0.44 


TABLE 20. 

Average values of MD (in my) from table 19. 


Subject 

Photographed in 

White light 

Yellow light 

S. B. 1 

7.53 ± 0.19 ' 

7.58 ± 0.10 

A. J. 

7.37 ± 0.37 ] 

7.54 ± 0.0S 

E. P. 

7.70 ± 0.19 

7.53 ± 0.04 

S. S. 

7.23 ± 0.22 

7.21 ± 0.10 

T. S. 

7.44 ± 0.08 

7.44 ± 0.04 
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fluid, constant Ph, etc. are adhered to. In all cases the blood 
cells themselves come in as an unknown factor. Polychromasia 
lias thus, for a long time, been regarded as a sign of the presence 
of young blood cells. A lesser known, but in this connection a very 
important point, is that the blood cells reaction to the staining 
fluids changes when they are stored unstained for some time. 
Such old blood films will, by usual staining, become more bluish 
than freshly prepared blood films, and experiments 9 and 10 show 
that they will then give a higher value for MD. This might be 
the explanation when Mogensen (1 p. 29) states that «the act 
of preparation of the film has the same effect on each blood cell of 
the film, they are equally ('enlarged), or (diminished). 

In order to avoid this source of error one might consider staining 
the blood cells by another technique as is done by Gunther. 
He stains the blood cells black with osmic acid. Or the blood 
cells may be photographed unstained. But this did not give 
satisfactory results with my apparatus. Finally, one may utilize 
the method which I have chosen, namely, to photograph the 
cells in yellow, nearly monochromatic light, and thereby exclude 
the red and blue rays of light from the phoLographic plate. 


Diurnal variation. Variation after exercise. 

This has been mentioned by several authors, particularly 
Price Jones (2) and Wiechmann & Schurmeyer (2). These 
authors report a diurnal variation in MD between 0.3 and 0.6 my, 
and a similar variation after exercise. Both authors are of the 
opinion that the change is due to increased C0 2 content of the 
blood. The phenomenon has, on the oilier hand, been denied 
by several others (Ponder & Millar, Druyerre, Millar & 
Ponder). 

The author has, in a series of experiments, not been able to 
prove any definite diurnal variation in healthy or sick persons. 
Neither v>as any definite difference found after moderate exercise. 
But in an experiment where the author measured his own blood 
cells before and after a quick walk of 14 kilometers a difference-of 
0.32 my was found when the blood films were photographed in 
white light (7.74 and 8.06 my). When the same preparations 
were re-photographed in yellow light the difference disappeared. 
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(MD 7.76 and 7.78 my). I presume therefore that the difference 
in this experiment was caused by the fact that the two blood films 
stained differently and that the one which was taken after 
exercise was more blue coloured than the first. I regard this as 
the possible cause of the difference which the previously men- 
tioned authors reported. The difference which Wiechmann & 
Schurmeyer have found in venous and arterial blood and the 
difference which some reports in patients with acidosis may pos- 
sibly have the same cause. 

The relative importance of the different errors. 

The experiments here reported show that Price Jones ori- 
ginal method ought to be replaced by photography. But even when 
photography is used, the MD is determined differently in the indi- 
vidual blood films, as shown in experiment no. 6. It may he calcu- 
lated (Bonnier & Tedin, pg. 116) that the part of the total variance 
which is due to differences between the blood films is 44 % in 
series I, 28 % in series III and 51.5 % in series IV of experiment 
no. 6. This error can no longer be due to the measurement, since 
all films in each series are measured by the same person. Neither 
can it be due to the reproduction, since this is done photographi- 
cally. The error must be due to the preparation or the staining 
of the films, or represent a real difference between the blood used 
in the individual films. 

The error caused by the staining of the film may be estimated 
by studying experiments nos. 10 and 11. 

As mentioned under experiment no. 8, the standard deviation 
in normal blood preparations is approximately 0.45 my. In ex- 
periments nos. 10 and 11, 200 blood cells were measured in each 

preparation and the standard error is therefore = 0.032 my. 

In experiment no. 10, when the blood cells are photographed in 
yellow light, the error is 0.02057 my, which is less than the stan- 
dard error. We have, therefore, in this experiment, no reason to 
believe that technical errors due to the colour of the light in- 
fluence the measurements to any great extent. In experiment 
no. 10, however, all preparations were taken simultaneously 
from the same incision. Actually it will be a question of 



59 


comparing preparations taken over some period of time from 
the same person, and it is therefore more correct to judge the 
error on the basis of experiment no. 11 where the films have been 
prepared in this way. In this experiment as well, 200 blood cells 
have been measured in each preparation and the erior should 
therefore not exceed 0.032 my. Table 20 shows that when the 
preparations are photographed in yellow light the error langes 
between 0.04 and 0.10 my. It is worth noting that the seiics 
which was stained immediately only had an error of 0.04 my. 

Several similar experiments shows that one, by careful tech- 
nique, can bring the variation down to between 1 and 2.5 x stan- 
dard-error when the preparations have been taken from nor- 
mal persons. It seems therefore as if a technical error still remains 
when the preparations are taken over a longer period of time. I 
have not been able to explain this source of error. Perhaps the 
spreading of the film plays a role, perhaps it is caused by condi- 
tions in connection with the sampling. Finally it may be pos- 
sible that the blood cells are subject to real changes during the 
course of the test period. The method will be used for investiga- 
tion of pathological blood samples. The error-variance of the 
method must therefore be determined by investigating patholo- 
gical, and not normal preparations. This point will therefore be 
dealt with separately. (Chapter VII.) 

In experiment no. 6 it was shown that the blood cells’ MD, on 
an average, were 0.71 my greater when they were photographed 
than when they were drawn. It was further mentioned in the intro- 
duction that other authors have shown that the blood cells appear 
to be greater when they arc investigated with a dry lens objective 
than when an oil immersion objective is used. Finally, experiments 
nos. 1 and 3 show that there is a systematic difference between 
the individual assistants’ determination of the mean diameter. 
In expei iment no. 1 pg. 3G the average MD determined bj r assistant 
A is 7.04 my, by B, 0.92 my and by C, 7.00 my, and in experiment 
no. 3 assistant A finds an average MD of 7.59 my, B, 7.17 my and 
C, 7.53 my. A thus continuously finds the highest values and B 
the lowest. This difference is not due to any of the previously 
mentioned sources of error, but is of the same class as the dif- 
ference between drawing and photography and between an oil 
immersion and a dry lensc objective. 
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Experiment no. 12: In order to explain the phenomenon it is 
necessary to determine the size of the difference: A grid-net with 
approximately % mm distance between the lines was drawn in 
a blood film. Squares containing in all about 600 blood cells were 
marked out. Assistants A and B, who in the earlier experiments 
had the greatest difference between their results, then drew 500 
of these blood cells both using oil immersion and dry lens objec- 
tives. The same blood cells were also photographed with the two 
optical equipments, and the photographs were measured by the 1 
two assistants. The enlargement of the microscope was each 
time controlled by both assistants, who agreed that the enlarge- 
ment each time was exactly 1000 x. Table 21 shows the results 
of the experiment. 


TABLE 21. 


The influence of the technique used on the value (in my) of MD. The same 
500 blood cells measured by two assistants with varying technique. 


Technique 

Assistant 

Difference 

between 

A and B 

; a j 

B i 

Drawing with oil imm. obj. . . 

7.61 

7.19 

0.42 

Drawing with dry lens obj. . . 

7.S2 

7.61 

0.21 

Photo, with oil imm. obj. . . 

8.04 

7.76 

0.28 

Photo, with dry lens obj. . . . 

8.21 

8.11 1 



The cause of the considerable difference which appears both 
between the two assistants as well as between the techniques 
employed will be discussed in the next chapter. 


Resume of Chapter III. 

Using Price Jones’ method for measuring the red blood cells 
diameter as a starting point, a review of the technique for measuring 
the blood cells by projection is given. Experiment no. 2 shows that 
both the determination of MD and the determination of s depend 
upon personal qualities in the individual assistant, connected 
with the measuring of the blood cells in the drawing. Expeii- 
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ment no. 3 shows that even the drawing of the blood cells is subject 
to errors, which are so great that this link in the method ought 
to be cancelled. 

Then follows a description of a camera for photography of the 
blood cells, constructed by the author,- and in experiments 5 — 6 it 
is shown that important sources of error are eliminated When the 
blood cells are photographed instead of drawn. 

In experiments nos. 7 — 11 errors connected with the preparation 
' of the blood film, the staining, and the colour of the light are 
investigated. It is shown that the colour of the light' and the 
stain of the blood films play an important role for the determina- 
tion of the mean diameter, and that the error can be further re- 
duced when these conditions are standardized. 

It is discussed whether the diameter of the blood cells is altered 
during spreading, drying and staining. The author is of the opinion 
that no such changes occurs. 

Whether diurnal variations and variations after exercise 
do occur in MD, as mentioned by Price Jones and others is 
investigated. The variation which these authors have shown, is 
assumed to he due to different staining qualities of the blood 
cells under different conditions. In experiment no. 12 it is finally 
shown that the microscopic equipment and personal qualities 
must play a role in the determination of the red blood cells’ dia- 
meter. 



CHAPTER IV. 


Measurement by projection. The causes of 

the errors. 

Human Bias. 

In chapter III it was shown that the projection method has 
errors partly due to technical details in the method and partly 
due to human bias. In this chapter it will be shown that the part 
of the errors which are due to human bias is mostly connected 
with the actual measuring of the blood cells, while the technical 
errors are due to refraction and scattering of the light at the cell 
border. 


Lcptokurlosis. 

Price Jones (7), Gunther (2), Mogensen (1) and Hernberg 
(1) have shown that with a good technique the diameters of the 
red blood cells should be distributed normally around their mean 
when the sample is taken from normal persons. The accuracy of 
an assistant may therefore be measured by comparing his frequ- 
ency curve with the corresponding normal curve. 

When doing this one finds that a number of assistants draw, 
towards the ccnirc»: 

When one measures drawings or photographs of blood cells it 
soon becomes evident where approximately the mean lies. Some 
assistants then have an unconscious tendency to register more 
frequencies in the central class than really should belong there. 
This phenomenon is most apparent in the case of assistant B. 
Fig. 5 a shows this assistant's measurements of the 500 blood 
cells in preparation No. 4 from table 1. And figure 5 b shows 
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Fig. 5: Frequency curves produced by assistant B (left) and assistant D 
(right) when measuring the same photographs. Stippled curves: Corresponding 

normal curves. 


the frequency curve of assistant D when he measures the same 
drawings. The figure clearly shows that assistant B has too many 
frequencies in the class 7.00 my. Assistant D does not have this 
error and the curves of this assistant therefore conform very 
well with the corresponding normal curve. This peculiarity in 
assistant B leads to the curves being higher and narrower than they 
should be. The standard deviation of the curves will therefore 
be small. Table 1 shows that this low standard deviation occurs 
in all measurements from assistant B. This was a peculiarity in 
this assistant Which was impossible to eliminate even when she 
was notified of the condition. In other assistants the phenomenon 
may be less pronounced. It depend partly upon how finely the ruler 
is graded. A ruler which was graded in 1/1 mm. was used in the 
beginning of this investigation, and the same phenomenon was 
then shown by assistant A. The phenomenon was even more pro- 
nounced when after the suggestion of Alder, Freerksen and 
Hernberg the blood cells were drawn on millimeter paper and 
the size was determined by counting the squares on the paper. 
In my hands this method was so inaccurate in the determina- 
tion of s that it had to be abandoned. The determination of MD 
is only slightly influenced by this error. 
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Fig. 6 : Frequency curves produced by four different asistants when measuring 
the same photographs. Upper row: Observed frequencies. Lower row: Adjusted 
frequencies. Stippled: Corresponding normal curves. 


«Dentated» frequency curves. 

Fig. 6 shows another frequently occurring error. In the upper 
row are given the frequency curves which appear when 4 assi- 
stants measure the same photographs from a normal blood film. 
"Whereas the first curve shows a good concordance with the corres- 
ponding normal curve, the other curves are more and more irregular 
and dentated. In all. curves it is the variate classes ending on 
.25 or .75 which are subnormal. 

This condition is explained by the method used for measuring: 
The largest and smallest diameter of each blood cell is measured, 
and the mean of these figures is registered as the diameter of the 
blood cell. If now both the two .measured diameters are whole 
figures, then the mean must be either a whole figure or a figure 
that ends on .50. If the mean should end on .25 or .75 one of the 
measured diameters would have to end on .50. The assistants 
who obtain subnormal values in the classes .25 and .75 have a 
tendency to measure the single diameters in whole figures. The 
whole millimeters are marked with a longer stroke than the halves 
on the ruler, and these investigators «draw towards# the longest 
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TABLE 22. 

Percentage of frequencies in the different variate classes. 


Variate class 
ending on 

Assistant 


A 

B 

c 

D 

E 

F 

G 

A 

.00 

24.6 

31.8 

25.7 

25.8 

26.1 

32.6 

42.9 

31.5 

.25 

25.2 

23.3 

25.2 

23.9 

24.2 

1S.1 

9.2 

23.3 

.50 

24.5 

24.7 

24.2 

26.2 

26.0 

32.3 

32.3 

23.9 

.75 

25.7 

23.2 

24.9 

24.1 

23.7 

17.0 

11.2 

21.3 

Total number of 
cells measured 

6032 

4133 

5026 

5016 

4708 

5210 

1748 

5525 


strokes on the ruler. Table 22 shows the distribution by per- 
centage of the frequencies in the four groups of variance classes 
for a number of assistants and for a large number of observations 
(1748— 603G). The table shows that the phenomenon is not re- 
stricted to individual selected curves. Where the error is not 
very pronounced (A and C) there is an equal number of frequencies 
in each class, but the assistant who has the error in the most 
pronounced degree (assistant G), obtains only 9.2 % and 11.2 % 
of the frequencies in the classes .25 and .75. The last column of 
of the table shows the results of assistant A when he used a ruler 
which is graded in 1/1 mm. In this case he over-represents the 
class .00. 

How often docs the error occur? It certainly occurs very fre- 
quently. Many of my assistants had the error to a larger or lesser 
degree, and it is also present in curves published by Price Jones, 
Mogensex, Vaquez, Kato & Kortuem, and Rodino & BaNos. 

This is an error particular for each assistant, and does not 
disappear even if the scale of the ruler is made finer. Yule thus 
found, in an experiment where the measurements were made with 
a ruler graded in 0.1 mm, that one assistant particularly chose 
the classes .2, .8, .9, and .0, another assistant had 56.9 % of 
the frequencies in the classes .0 and .5, whereas 43.1 % of the fre- 
quencies were distributed among the remaining 8 classes. 

Pohle criticised Price Jones’ method from another point of 
view. He mentioned that if all blood cells were circular then the 
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two measured diameters would be equal, and the mean would 
therefore always end on either .00 or .50. Such a laclc in poikilo- 
cytosis does not occur, at least not in a blood film (compare experi- 
ment no. 16), but the observed measuring error leads to the same 
result. 


Elimination of errors due io human bias. 

Several methods have been suggested. One can either draw 
the frequency curve and later «smoothe it out» by drawing by hand 
as suggested by Fisher. But this method may be biased. Or 
one may add together two and two variate classes so that the 
width of the class would be 0.50 my as suggested by Pohle and 
Hernberg. But then the number of variate classes becomes 
too small and makes further analysis of the curves difficult. I 
have therefore chosen the method which has been suggested by 
Mogensen : 

He takes the mean of two and two neighbouring classes and 
refers it to new variate classes with the midpoint between the 
two. This has been done in figure 6, lower row. The conformity 
with the normal curve is now satisfactory in all cases except for 
the last curve where the original errors were so large that the 
adjustment did not lead to any useful result. 


Technical errors. Photometry. 

Experiment no. 12 shows that the diameter of the blood cells is 
determined differently if oil immersion or dry lens objective is 
used. The size as well varies if one draws or photographs the blood 
cells and finally the results of the measurements vary with the 
different assistants. Hammarsten (3) suggests that the cause 
may be due to refraction phenomena. Bock & Jombres are of the 
opinion that the cause is due to interference. The condition may 
be explained if the photographs of the blood cells are examined 
in the photometer. 

In the photometer a ray from a point-light is sent through 
the photographic plate to a photo-electric cell. This is coupled 
into a circuit with a sensitive self-registering galvanometer, such 
as the galvanometer in an electro-cardiograph. The less blackened 
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Fig. 7: Right: Photo of blood cells and micrometer scale. Left: Corresponding 

photometric curves. 


the photographic plate is, the more light will reach the photo- 
elektric cell, and the stronger will the galvanometer register. 
The registered curve of the galvanometer will show to what 
extent the photographic plate has been blackened. 

Fig. 7 shows the results of such an experiment. To the right 
is shown the photograph of two blood cells and below the photo- 
graph of the micrometer scale. To the left are the corresponding 
photometer curves which are obtained when the light ray from 
the photometer passes over the picture along the line drawn in 
the direction from left to right. Figure S shows to the right a 
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Fig. S: Photometric curves of red blood cells. Left: Cells photographed with 
ry lease objective. Right: Cells photographed with oil immersion objective. 
Bottow row: Micrometer scale. 
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series of such curves from photographs of blood cells investi- 
gated with oil-immersion-objective, whereas the curves to the left 
are from, photographs taken with dry lens objective. The bottom 
curve in each field represents the micrometer scale photographed 
with the same optical equipment. 

These curves show that the transition from the space between 
the blood cells, which on the photographic plate is black, to the cen- 
tral part of the blood cell which is light, is not sharp, but develops 
gradually, in the case of the oil-immersion-objective over an area 
of approximately 1 my. Since the curves from photographs taken 
with oil-immersion and dry lens objective are so different in 
appearance, it is unlikely that the transition is gradual. It is 
more reasonable to assume that the phenomena are caused by 
refraction and scattering of the light by the blood cell borders. 


Errors due to different optical equipment. 

Experiment no. 13: In experiment no. 12, the same 500 blood 
cells were photographed with oil immersion and with dry lens objec- 
tive, and the cells were measured by assistants A and B. Using 
oil immersion objective, assistant A found MD = 8.04 my. On 
these sets of photographs a blood cell which measured exactly 8 
my (or 8 mm) was selected. The pictures of this cell photographed 
with oil immersion and with dry lens objective were then examined 
in the photometer. The degree of enlargement was both times 
exactly 1000 x, controlled by photographing the micrometer 
scale. The two photometric curves of this single cell were then 
placed beside each other on the same base line ..^ihe photometer 
curve of the micrometer scale was placed underneath (fig. 9). 
Moxnes has shown that the appearance of the pfeotometer curves 
depends upon the «veiling» of the plate, i. e. the densMty in the parts 
which should have been white. In order to eliminate this error 
in the experiment, a series of pictures was taken, vand two with 
the same degree of veiling were chosen. The distance^. between the 
tops in the micrometer scale (the line m-n) is 10 my. Vfhe diameter 
of the blood cell which was photographed with oil immersion ob- 
jective should be 8.04 my. By using the line m-n as 


his -ale, this 


distance can be marked in on the curve to the left. I^ er » ; tJl0 ' 
photometer curve in line 1. In experiment no. 12 onefounjd furtber- 


i 
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Fic 9: Photometric curve of the same blootl cell photographed with oil immer- 
sion objective (left) and dry lensc objective (right). Bottom: Micrometer 
scale. Enlargement 1 000 x. (For further explanation: sec text p. bb). 


more, that assistant A, by drawing, determined MD tojie 7.61 
my and assistant B by drawing, determined MD to be 7.19 my. 
These two diameters as well were marked in on the pholomelei 
curve to the left and cut the lines 2 and 3. The lines 1, 2, and 3 
are then lengthened until they cut the photometer curve to the 
right, and the length of the lines 1, 2 and 3 on this curve are mea- 
sured by means of the scale m-n. These values are compared 
with the corresponding values from experiment no. 12 (table 23). 

The difference between the individual diameters which were 
found in experiment no. 12 may be explained by assuming that 
each method and each assistant has his level-line in the pholo- 
meler-curvc. The distance between the level-lines and the base-line 


TABLE 2 3. 

Comparison between MD as determined with dry tens objective (table 21) 
and diameters measured on the photometric curve. 



D i a m ctcr 


as measured ] 
on the photo- i 
; metric curve j 

as determined 
in experiment 
no. 12 

Assistant A/Photography . 

8.2 my 

S.21 my 

Assistant A/Drawings . . . 

7.8 my 1 

7.82 my 

Assistant B/Dravings . . . 

I 

7.7 my 

i 

7.G1 my 
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gives an expression of the contrast between the light and dark 
parts of the photograph. The difference which was found in experi- 
ment no. 12 may therefore be due to different demands in the con- 
trast between the picture of the blood cell and the surroundings re- 
quired by the different investigators. The photograph has the 
smallest demand for contrast and the level-line of the photograph 
is therefore closest to the base line. Assistant B has the largest 
demand for contrast, and her level-line is farthest away from the 
base-line. Since the photometer curve is formed like a trapezium, 
the level-line, and thereby the diameter of the blood cell, -will 
decrease the farther one gets from the base-line. Assistant B will 
thereby constantly obtain lower values than the other assistants. 

Why do all assistants find an identical value for the degree 
of enlargement of the microscope? 

This is explained by fig. 9. The degree of enlargement of 
the microscope is determined by measuring the distance between 
two strokes in the micrometer. Since these have a certain thick- 
ness, one will always measure from the edge of one stroke to the 
corresponding edge of the o flier. This is the distance m-n, and 
fig. 9 shows it to be of equal length, irrespective of the distance 
from the base-line. 


Errors due io different coloured light. 

Experiment no. 14: In experiment no. 9 (pg. 53) the same blood 
cells were photographed in different coloured light. Two individual 
blood cells were marked out on all photographs and the pictures 
of these two cells were examined in the photometer. The photome- 
tric curves are reproduced in fig. 10, central field, while the part of 
the spectrum used in the different exposures is indicated to the left. 

In the foregoing experiment it was shown that each assistant 
has his specific demand for contrast between the blood cells and 
the surroundings. Each assistant will therefore have a fixed 
distance from the base-line to his level-line on the photometric 
curves. As the curves are shaped like a trapezium, the diameter 
measured aL a fixed level will depend upon the distance between 
the sidelines of the curve, and on the slope of the sidelines. If the 
angles between the individual sidelines of the photometric curves 
and the base-line are measured, one finds that the curves represen- 
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Part of spectrum used. Middle: Photometric curves. Right: Slope of curves 
as measured on the original curves. 

ling l lie pictures taken in red light have the smallest angles, whereas 
those taken in blue light have the largest angles (fig. 10, right). 
Red light should, according to this, give Ihe lowest values for MD, 
blue light the highest values, as already observed in experiment no. 9. 

Errors due lo different Ph in staining fluids. 

The photographs of the blood films which had been stained 
at different Pit were finally examined. Table 24 shows that there 
is good concordance between Ph, the observed values for MD 
and the angles of the corresponding photometer curves. 

According to the table one might expect that preparations stained 
at Ph 8.2 have the highest values for MD, which they indeed have. 
These preparations had, as previously mentioned, a deep blue 
colour. 

These experiments therefore show that the technical errors 
which were found in the previous chapter are due respectively to 
the assistants and the photographic plate’s demand for contrast be- 
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TABLE 24. 

Photometry oj blood-1 ilms stained at different Ph. 


Ph 

Mean Diameter (in my) 

Slope of Photometric 

curve 

Series A 

Series B 

Series A 

•Scries B 

5.6 

7.52 

7.56 

73° 

75° 

74° 

75° 

6.3 

7.59 

7.65 

75° 

i 

75° 

77° 

78° 

6.8 

7.69 

7.65 

78° 

77° 

79° 

78° 

7.7 

7.66 

7.76 

79° 

79° 

82° 

83° 

8.2 

7.84 

7.83 

O 

H 

00 

O 

T— < 

CO 

: 

83° 

83° 


tween the blood cell and its surroundings. The fact that an object 
gives pictures of different size when photographed in different 
coloured light is mentioned in several text books on photography 
(MertE and Henney & Dudley). Furthermore, it is well known 
that the medium between the object and the lenses plays a role 
in the size of the photographic picture when the light rays through 
the medium are not parallel (Henney & Dudley). And finally, 
it is well known that individuals with the same visual acuity 
may have considerably different ability to distinguish objects 
with little contrast (Luciciesh & Moss). It remains to find out 
if those who investigated the preparations in the previous experi- 
ments really had such different contrast sensitivity. 

The assistants' different powers of distinction. 

Experiment no. 15: A star figure as shown in fig. 11, was drawn 
on a cardboard plate. If such a figure is rotated quickly the central 
part will appear white, the peripheral part black, and the space 
between will have an even transition from black to while. This 
can be shown graphically in the form of the trapezium-like figure 
at the bottom of fig. 11, which has great similarity with the photo- 
metric curves in figs. 7 to 10. Five such figures were made, and 
were painted to resemble as closely as possible the colours seen 
in a blood film. The figures were then placed on a centrifuge and 
the assistants measured the central part as the figure rotated. 
The diameter of the star was 160 mm, the central part 60 mm. 


Fig. 11 : The assistants different power of distinction. 


Assistant A determined the central part to be 108.9 F 3.G mm. 

Assistant B determined the central part to be 8G.2 i 5.7 nim. 

Assistant C determined the central part to be 93.5 ± 12.5 mm. 

Each assistant: 25 measurements. 

If these level-lines arc drawn in on fit*. 11, the level-lines for the 
individual assistants comes in the same order as on the photo- 
metric curves. The present investigation was done during the war 
and one might think that a lack in vitamin A would cause a change 
in contrast sensitivity. However, no changes occurred after the 
assistants had taken cod-liver oil in adequate doses. Frequent 
control measurements and double observations showed that it 
was a constant condition peculiar to each assistant. 


Importance of the observed errors. 

The personal errors are, as shown, of two types. Firstly , the 
tendency of some individuals to *d raw towards the centre». When 
tins quality is present in a pronounced degree, the determination 
of the Standard deviation will be influenced; to a smaller extent 
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it will influence llie determination of the mean diameter. The 
frequency curves will be leptokurtic and will be of little use for 
further analysis. If one assistant constantly finds s lower than 
0.42—0.43 my in normal individuals it is very likely that this 
error occurs. 

Secondly the tendency to produce «dentated» frequency curves. 
When this appears in a moderate degree, the determination of 
MD and s is not influenced to any important extent and the 
error may be eliminated by smoothing out the curves in one of ' 
the ways which have been described. When the tendency is more 
pronounced, the assistant can not be used in investigations of this 
kind. 

The technical errors do not bring in any deviation in the .form 
or the width of the curves, but the determination of the mean 
diameter depends very much on the method which is used, and is 
to a certain extent typical for the method which is employed: 
Between a dry lens and an oil immersion objective there will be 
a difference in MD of 0.2 — 0.4 my when the blood cells are drawn, 
0.15 — 0.35 when they are photographed, provided the measure- 
ment is done by the same person. The difference between the 
measurements of the individual assistants may be of the order 
0.4 — 0.5 my. The total variation which may appear if different 
assistants utilize different techniques may be as high as 0.9— 1.0 
my (experiment no. 12). The staining of the blood film and the 
colour of the light play a certain role. The lowest value of MD is 
obtained by using red light, the highest value for MD by using blue 
light. The difference amounts to 0.3 my (experiment nos. 9 — 10). 


Resume of Chapter IV. 

The errors of the method, which were found in the previous 
chapter, are caused by two conditions: 

1) « Human biasi>. The errors due to this cause are mostly 
connected with the measurement of the blood cells. The error 
influences the measurements in two ways: 

Either by making the observed curves too narrow and too high, 
leptocurtic, because the assistant «draws towards the centre». 
When this error is pronounced it will lead to a too low value 
for the standard deviation. 



75 


Or by malting the observed curves irregular and dentated 
(fig. 6). If this error is particularly pronounced the assistant in 
question is unfit for making measurements. When it is less pro- 
noticed it can be eliminated bj* - smoothing out the curves. - The 
degree of error is typical for the individual assistant in the case 
of both these errors. 

2) « Technical errors ». These errors which chiefly influence 
the determination of the mean diameter are caused respectively by 
the individual assistants’ and the photographic plate’s . different 
demands for contrast between the blood cells and their surround- 
ings. The observed differences in the determination of the mean 
diameter which are due to different optical equipment, colour 
of the light, or the slain of the preparation, may be referred to 
this group of errors, and are explained as results of «refraclion and 
scattering of the light by Ihe blood cell borders*). In the last part 
of the chapter the magnitude of the observed errors is discussed. 



CHAPTER V. 


Other methods of measurement. 

It was mentioned in the introduction, that the diameter of the 
blood cells could be measured by projection as described in the 
two previous chapters, or by direct micrometry. 

The direct micrometry may be used on blood films or on blood 
cells suspended in plasma or in another diluting fluid. 

Direct micrometry in blood films. 

One type of ocular micrometer is a glass screen with an ar- 
bitrary scale placed in the ocular of the microscope. This scale 
is adjusted against an object micrometer by regulating the tube 
length and the optical equipment of the microscope. The use of 
this type of micrometer gave very uncertain results in my hands. 
The results are inaccurate, partly because the strokes lie very 
close together, and partly because interference between the scale 
and the edge of the blood cell makes an exact reading impossible. 
All assistants had a tendency to draw towards the centre. Prac- 
tical experiments showed that these en'ors had a tendency to be 
equalized and the mean diameter showed fairly good concordance 
in repeated measuring. But the determination of s and the shape 
of the curves was so uncertain that the method was quickly 
abandoned. The method is extremely laborious. One is obliged 
to use light of low intensity in the microscope. And I agree with 
H. C. Gram (1) and Horneffer that 100 blood cells is the greatest 
number one can measure before accuracy is jeopardized. The 
filar micrometer was then tried. This is an ocular where a thin 
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thread is moved across the field of vision by means of a micro- 
meter screw. The movement of the thread is read off on a scale. 
It is adjusted like the previous one against an object micrometer. 
With the filar micrometer I was using, one unit of the scale cor- 
responded to 0.013 my by lOOOx enlargement; apparently a great 
degree of accuracy. But when the distance between two of the 
strokes on the object micrometer (10 my) was measured 500 
times the distance varied with i 4.72 units. When measuring 
blood cells with diameter 7.5 my, this corresponds to a varia- 
tion of ± 0.15 my which is the real uncertainty in the deter- 
mination with this apparatus. The error is equalized by making 
many measurements, so the determination of MD will be fairly 
good. But the determination of s and the shape of the frequency 
curves will be equally as uncertain as with the first micrometer 
(fig. 12). Interference as well plays a role, and the method "was 
equally strenuous as the previous one. But the deciding argu- 
ment against the use of direct micromeLry in blood films is that the 



Fig. 12: Frequency curves obtained when measuring the same blood film 
three times with ocular micrometer (N = 200). 
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blood cells are deformed in the act of preparation. With the micro- 
meter the blood cells are only measured in one direction, usually 
in the lengthwise direction of the blood film. Bock. & Jombres 
have shown that the diameter of the blood cells here is larger 
than across the preparation. They find the difference to be 
0.24 my. 

Experiment no. 16: 5 blood films from normal persons were 
photographed. 200 blood cells in each film were measured both 
in the lengthwise and the crosswise direction of the slide (table 25). 

TABLE 25. 

Difference in MD (in myj when (he blood cells are measured in the 
lengfwise and the crosswise direction of the slide. 


Mean diameter measured in j 

Difference 

lengthwise 

direction 

crosswise i 
direction 

7.64 

| 

7.37 

1 

0.27 

7.12 

6.87 j 

0.25 

7.31 

7.17 

0.14 

7.53 

7.35 

' 

0.18 

7.41 

7.14 

0.27 


The blood cells are drawn out in a completely uncontrollable 
way in the length-wise direction of the preparation. This erroi 
is eliminated in Price Jones’ method by measuring the largest 
and the smallest diameter of the blood cells. The error cannot 
be eliminated in ocular micrometry. 


Measurement in «wet preparations)*. 

A number of authors measure the diameter in wet preparations 
with the blood cells suspended in plasma or in other diluting 
fluids. They are of the opinion that they thereby investigate 
the blood cells under more natural conditions than if the mea- 
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TABLE 26. 

MD and s determined in twd preparations *. 

Influence of anticoagulants and of lime-interval from incision till examination. 

(iY = SO, values in my). 


Time, in 
minutes 
from 
incision 

Blood corpuscles suspended in 

Serum 

Dcfibrinated 

plasma 

citrate 

plasma 

heparin 

plasma 

oxalate 

plasma 

20 



i 



40 1 

7.95-0.66 


7.30 - 0.58 



60 


7.75 - 0.50 

7.40 - 0.65 



SO 

7.90 - 0.82 

S.00-0.54 

| 


I 


100 


7.60-0.54 

7.25 - 0.89 



120 

7.60 - 0.91 

7.75-0.59 

7.15 - 1.05 

7.20 - 0.68 


140 


7.45 - 0.07 



7.60 - 0.53 

160 




7.35-0.85 


180 

1 



7.30-0.84 

7.85 - 0.61 

200 





7.57 - 0.73 

220 

I 

1 



7.30 - 0.S9 


240 






260 




! 

i 7. SO - 1.03 


surement is done in a blood film. Table 26 gives a series of such 
measurements, done according to H. C. Gram’s technique. The 
table shows a certain variation of MD within, as well as between, 
the series, but, since N in these series is only 50, this may he 
due to random causes. The standard deviation, however, un- 
doubtedly shows an increase in all series, depending upon the 
length of time from when the test is taken until the investiga- 
tion is done. This only expresses in figures what can be directly 
seen in the microscope, namely that after some time crenation 
develops, simultaneously with the swelling of other blood cells. 
Ihese changes are not only due to osmotic disturbances as pre- 
viously assumed. Heinze & Wolff have shown that the two 
changes may appear simultaneously, and Tronnberg is of the / 
opinion that crenation is due to polution of the blood from the 
juices of the tissues, fat etc. Farileus has shown that the tempera- 
ture from the microscope lamp may play a role, and Jorgensen & 
Warburg and Lepel have shown that the blood cells change during 
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storage. The measuring of a sufficient number of blood cells will 
lake from 1% to 2 hours and during this time the phenomena will 
appear to a disturbing degree. 


The difference between different authors normal values. 

In chapter 1, fig. 1, it is shown that different authors report dif- 
ferent normal values for the mean diameter of the red blood cells. 
The values fall into groups according to the method employed. 
In chapter III, page 60 it was shown that Whether an oilimmersion 
objective or a dry lens objective was used caused a difference 
of 0.4 my in MD. The assistants’ different powers of distinction 
did further account for a difference of 0.4 — 0.5 my. These two 
sources of error may account for all the differences observed among 
the authors in fig. 1 who used the projection method. The three 
authors in this group who obtained the highest normal values 
for MD did actually use^a dry lens objective, whereas the others 
used oil-immersion objective. In the two groups where the authors 
have used direct micrometry, the information regarding the 
technical details is often incomplete. As far as can be ascertained, 
however, the variation in these groups as well is covered by the 
causes of variation mentioned in the previous chapters. 

This is not the case regarding the data in the 4th group: meas- 
urements done by photography. Experiment no. 6 shows that 
one may expect that photography will give higher values than 
micrometry, and the difference which Collatz finds when using 
the two methods may thereby be explained. 

But the results which Ponder, and particularly Ponder & 
Millar obtain, fall completely outside what other authors regard 
as correct values. 

These authors measure the size of the blood cells in wet prep- 
arations. They use venous blood, with oxalate as anticoagulant. 
Whether this is of any importance is not known, but in my small 
series (pg. 79) the samples where oxalate had been added showed 
the highest values. The authors photograph the cells, using from 
18 to 22 exposures. They state that the photographing of each 
plate takes approximately 2 minutes. The examination of one 
sample must therefore take 45 minutes or more. During this 
time, it is probable that the cells will be altered (cfr. pg. 79). They 
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use monochromatic blue light, and my experiments nos. 9 and 10 
show that this definitely gives higher values than when light 
of other colours is used. They use a dry lens objective, and 
their degree of enlargement is only 500 x. Finally, they measure 
the blood cells with a scale graded to 0.10 mm, using a hand lens. 
I regard it as probable that the personal measuring error (pg. 64) 
will be larger than usual because their method is more strenous. 
It is uncertain whether Brownian movements play any role. 
Ponder & Millar are of the opinion that they do not, whereas 
Collatz abandoned the method because he found that this was 
a disturbing source of error. 

All these conditions will add up, so that Ponder & Millar 
will find higher values than other investigators. These causes 
should, according to my calculations, bring about an increase in 
MD of approximately 1 .2 my, and might thereby explain the high 
normal values of these authors. 

It has been necessary to discuss these points in detail, since 
the great variation in the normal values of the individual authors 
is frequently used as an argument, that measurement of the red 
blood cells’ diameter is too uncertain for the method to have any 
value. 


Resume of Chapter V. 

The methods of measurement with the ocular micrometer are 
reviewed. It is shown that these methods give rise to consider- 
able human bias. The methods are so fatiguing that it is difficult 
to measure a sufficient number of blood cells accurately. In blood 
films the cells are deformed so that measurements by direct micro- 
metry give incorrect results. In the methods previously mentioned 
this source of error is eliminated. 

Measurement of the red cells in wet preparations is discussed. 
It is shown that the form and size of the cells change so much 
during the period of investigation that this method must be dis- 
carded. 

Finally, the reasons are discussed, why different authors obtain 
different values for MD in normal subjects. It is shown that the 
disagieement may be explained by the technical errors of a physi- 
cal optical nature, and by the causes of human bias, mentioned 
in chapter IV. 


6 



CHAPTER VI. 


Red blood cell size in pathological conditions. 

Appearance of pathological frequency curves. 

It appears from chapters III— -V that it is impossible to obtain 
an expression for the true size of the blood cells with any of the 
measuring methods mentioned. The best one may expect is to 
obtain a relative measure depending upon a series of technical 
and personal factors. But when the methods are standardized, 
and when these factors are given sufficient consideration, the 
relative size may be determined with satisfactory accuracy. 

In experiment no. 11, page 55, MD varies with 0.04—0.10 my 
around the mean when samples from normal persons are taken 
over a longer period of time. On page 47 it is shown that the stan- 
dard deviation does not vary more than allowed by random samp- 
ling. Even the concordance with the noi'mal curve measured 
by y} analysis is satisfactory (ref. table 33). This does, however, 
apply to measurements from normal individuals. It remains to 
be seen whether the technique is satisfactory in pathological cases 
as well. 

Price Jones (7) has shown that the frequency curves in perni- 
cious anaemia deviate so much from the corresponding normal 
curves that one can no longer reckon with a normal distribution 
of the population. This is also apparent in fig. 13. Series G and 
H are from patients with chronic hepatitis, the series I and K are 
from patients with untreated pernicious anaemia. The preparations 
were, in all cases, taken with an interval of two days during a 
period when the illness seemed to be stationary. 

The curves in each series seem to be related, and they all 
deviate so much from the normal curve that one can not use this 
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Fig. 13 : Frequency curves from pathological blood samples, taken with two 
days' interval, photographed and measured by the same assistant. G H 
Chronic hepatitis. I — K: Untreated pernicious anaemia. 


as any measure for their mutual connection. In order to investigate 
if these curves var}' more than allowed for hy random causes 
we may use the following procedure: 

Experiment no. 17: The frequencies tvilhin each variate class in 
the curves of each scries are added together into a grand total 
which is taken as the exact expression of a hypothetical population. 
By means of Tippett random sampling numbers, 5 new samples 
of the same size as the samples which constitute the base for the 
curves in fig. 13 are drawn from this population. The observed 
frequency curves, as well as those found by random sampling, 
are then compared with the curve for the grand total by y~ 
analysis. The curves which have been found by random samp- 
ling are purely theoretical, and technical errors in measurement 
can not play any role in their case. If the original curves shows 
equally good concordance with the curve for the grand total as the 
theoretical curves, there is no reason to believe that the technique 
of measurement causes a significant variation (table 27). 

The number of blood cells measured in this experiment was 
for each curve 200 in series G, H and I, 500 in series K. Since 
each blood cell has been measured tv'ice (the largest and smallest 
diameter), we have in the Tippett scries used twice the number 
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TABLE 27. 

'//-analysis. 

Values of f- for frequency-distributions from fig. 13 and of frcqucncydislribu- 
(ions found by random samling, when compared with corresponding grand total 

frequency-distributions. 


Frequency distributions 


G 

H 

I 

IC 

Original 

scries 

Random 

series 

Original 

scries 

Random 

series 

Original 

series 

Random 

scries 

Original 

series 

Random 

series 

10.85 

14.90 

! 

4.31 

j 

4. GO 

11.19 i 

7.04 

9.80 ! 

1 

3.23 

2.G7 

S.99 

4.09 

G.94 

7.00 

11.17 

1 

3.10 

9.08 

5.70 

i 

7.64 

1 

2.45 

2.39 

29.02 

10.21 

8.93 

9.80 

9.3-1 

9.85 

1.74 

6.75 

14.20 

7.76 

! 

j G.65 

11.54 

12.44 

13.4S 



1G.30 

5.05 

: 


41.00 

54.8G 

12.59 

20.G8 

77.71 

41.23 

28.4S 

33.65 


of frequencies, 400 for the first 3 scries, 1000 for the last. The 
degrees of freedom were 9 in the first two series, and 11 in the 
last two. 

The table shows that the values for ■/- for the original fre- 
qucnc3 r curves are no worse than the corresponding Tippett series. 
Only in one of the series, no. I, is the sum of for the original 
curves higher than the sum of y" for the Tippett curves. 

When judging this experiment one must he aware that the 
curves are not independent. There certainty is a correlation be- 
tween the two diameters measured in the same blood cell. This 
should give a better agreement with the curve for the grand total, 
than the frequencies of the Tippett curves. 

On the other hand, the original curves have been made with 
a few days interval, and one can not exclude the possibility that 
the patient’s blood cells may have changed during this period. 

But with these reservations the conclusion of the experiment 
must be that the variance between the observed curves is not 
greater than what might be expected from random causes, and 
that the curves therefore presumably represent real conditions 
in the patient’s blood. 
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Analysis of heterogeneous frequency curves. 

Price Jones (7) points out that the frequency curves ob- 
tained by measuring blood cells from patients with untreated 
pernicious anaemia deviate so much from the normal curves that 
one may assume that the population is not normally distributed. 
He suggests that they must be constituted by three distinct com- 
ponents. Mogensen has worked out a method for analysis of 
the frequency curves, and has shown that these three components 
do occur, and Mogensen’s results have later been substantiated 
by Tottermann (2, 3, 4). 

The heterogenity is not so obvious in chronic hepatitis, as 
clearly shown in fig. 13. But even these curves deviate con- 
siderably from the normal curves. If will later be shown that a 
number of conditions in hepatitis find their best explanation 
if one assumes that these curves also are heterogeneous. It is 
therefore reasonable to accept, as a working hypothesis, that the 
blood cell population in hepatitis is heterogeneous, and to in- 
vestigate if the observed frequency curves in hepatitis conform with 
this working hypothesis. 


Mogcnscn's method. 

Mogensen’s starling point is that the diameters of the blood 
cells in normal persons are distributed normally. When, therefore, 
the population’s mean diameter and standard deviation are known, 
the population is fully determined by the equation for the normal 
curve which may be written: 


/ (x—m) 


N (x—m)* 



0 ) 


where : 

(x—m) are the variate classes, characterized by their distance 
from the mean. 

f (x—m) is the number of frequencies in each variate class, 
b, is the total number of frequencies, 
o is standard deviation, 
e is the base of the natural logarithm. 
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Equation (1) may be written in logarithmic form: 


log / (x—m) = log 


N 


- + log e (- 


(x — m) 2 


or 

log e N 

log / (x—m) = — ( x — m ) 2 + log — (2) 

Ac c y 2n 

But equation (2) is the equation for a straight line of the form: 

ij = — ax + k 

Equation (2) therefore means that if (x — m) 2 is measured along 
the abscissae and log f (x — m) is measured along the ordinate, then 
the corresponding values will lie on the straight line with slope 


log e 

2 g 2 

If the part of the abscissae which this line cuts off is called a 
and the part which the line cuts off the ordinate is called b, the 

b 

slope will be — — , and consequently: 
a 

log e b 

~~ 2^ = ~~~a 

or 

« = Y log e • -j- 

Inserting the numercial value for % log e we obtain: 

= j/°- 217 -r 


( 3 ) 

( 4 ) 


<7 


( 5 ) 
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When x = m, equation (1) will be 



N 

(6) 

and hence: 




N = / (0) • a K2n 

( 7 ) 

log f (0) = 

; b, and consequently, f (0) = antilog b. 



Since our class intervals are 0.25 my instead of 1 my, we have 
to multiply the right hand part of the equation by 4 in order to 
get the final equation: 

N — 4 ] r 2~ * n • antilog b 

Inserting the numerical values for 4 Y 2 ~ and s instead 
of the unknown c we obtain: 

N = 10.02 s. antilog b. (8) 

The practical use of the equations may be illustrated with two 
examples: 

In table 28 variate classes and frequencies for a hypothetical 
curve are given with MD: 7 my, a : 0.48 my, and frequency 
sum 400. Since the frequencies have been rounded off to whole 

TABLE 2 8. 


Analysis of frequency curves ( Mogenscn's method). 
Normal curve: MD 7.00. s: 0.1S7. N: 400. 



Class 

n 

(x-Hn 0 ) 

(x-~m 0 ) s 

log n 


5.625 

2 

1.375 

1.90 

; I | • ' 


5.875 

6 

1.125 

1.20 



0.125 

10 

0.875 

0.77 

1.20 


6.375 

30 

0.625 

0.39 

1.50 


0.625 

61 

0.375 

0.14 

1.79 

m 0 : 


79 

0.125 

0.02 

1.90 


7.125 

79 

0.125 




7.375 

61 

0.375 

0.14 

1.79 


7.625 

36 

0.025 

0.39 

1.50 


7.875 

10 

0.S75 

0.77 



8.125 

6 

1.125 

1.20 

0.78 


8.375 

2 

1.375 


0.30 







ss 



Fig. 14: Analysis of frequency curves. Mogensen’s method. Normal curve. 


figures the standard deviation as calculated from the frequencies 
will deviate somewhat from 0.48 and s will be 0.487. The 3rd, 
4th and 5th column in the table show the calculation of (x — m), 
(x — m) 2 and log f (x — m) or log n. 

In figure 14 the frequency curve has been draw in the upper 
right hand corner. The values for (x — m) 2 and the corresponding 
values for log f (x — m) are marked in on the diagram and lie as 
expected, on a straight line. The value for log f (x — m) = 0.3 
lies outside the line because the frequencies in this class have 
been rounded off from 1.6 to 2. 

From the diagram one reads of a = 1.915 and 5 — 2.11. 

Inserting these values in the equations (5) and (8) we find: 

s: 0.48 my against an actual figure of 0.487 my. 

N: 402 against an actual figure of 400. 

In table 29 the necessary data are given in the same way for 
a hypothetical curve composed of two components. One com- 
ponent has mean 7 my, standard deviation 0.48 my and N : 300. 
The other component has mean 7.75 my, standard deviation 
0.48 my and N : 100. The frequencies of the secondary component 

\ 
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TABLE 29. 


Analysis of frequency curves ( Mogensen’s method). 

Composite curve: m 0 7.00 s Q 0.477 N 0 300 
m, 7.75 s, 0.496 N, 100 



Class 

(x-rin 0 ) 

(X-MTl 0 ) 2 

n o 

Hi 

n 

log n 

n'o 

n'i 


5.625 

1.375 

1.90 

1 


1 

0.00 

1 



5.875 

1.125 ' 

1.26 

4 


4 

0.60 

* 



6.125 

0.875 

0.77 

12 


12 

1.08 




6.375 

0.625 

0.39 

27 


27 

1.43 

OC 

28 



6.625 

0.375 

0.14 

46 

2 

48 

1.68 

47 

1 . 


6.875 

0.125 

0.02 

60 

4 

64 

1.81 

61 

3 

ivi : 

7.000 










7.125 

0.125 

0.02 

60 

9 

69 

1.84 

61 

S 


7.375 

0.375 

0.14 

46 

15 

61 

1.79 

47 

14 


7.625 

0.625 

0.39 

27 

20 

47 

1.67 

28 

19 


7.875 

0.875 

0.77 

12 

20 

32 

1.51 

12 

20 


8.125 

1.125 

1.26 

4 

15 

19 

1.28 

4 

15 


8.375 

1.375 

1.90 

1 

9 

10 

1.00 

1 

9 


8.625 

1.625 

2.65 


4 

4 

0.60 


4 


S.S75 

1.S75 

3.53 


2 

2 

0.30 


2 


thereby constitute 25 % of the whole population. Even here 
the standard deviation, when calculated from the frequencies, 
will deviate somewhat from 0.48 and will be 0.477 and 0.496. 

In figure 15, the frequency curve, with the curves of the two 
components, is drawn in, and as in the previous example the values 
for (x — m) 2 and log f (x — m) are marked in on the diagram. 

The values for log f (x — m) which correspond to the right hand 
limb of the curve are marked with • and those which correspond 
with the left hand limb of the curve are marked with o. The 
values which correspond to the left hand limb of the curve fall 
on a straight line which gives a : 1.90 and h : 1.81. The values 
which correspond to the right hand limb of the curve lie comp- 
letely outside this line. 

Inserting the values for a and b in equation (5) and (8) we find 
the main component’s standard deviation: 0.477 my, concordant 
with the correct value, and the frequency sum: 306 against a 
correct figure of 300. 

The characteristics of the small component are now found 
by calculating the frequencies in each variate class for a normal 
curve with m: 7.00 my, s: 0.477 my, and N : 306. These fre- 
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Fig. 15: Analysis of frequency curves. Mogensen’s method. Composite curve. 


quencies are subtracted from the frequencies in each variate class 
(table 29 — the two last columus) and the difference is then the 
frequencies in the small component. The characteristics of the 
small component are then calculated in the usual way on these 
frequencies. In our example we obtain the following values for 
the small component: 

m 7.97 my against an actual figure of 7.75 my 

s 0.46 my » » » » » 0.496 my 

N 95 » » » » » 100 

Mogensen’s method for the determination of m a . 

The use of Mogensen’s method requires that the mean of the 
main component, which hereafter is designated by m 0 , is known. 
m 0 is not identical with the mean diameter MD. 

Mogensen (1, page 40) indicates the following method for the 
determination of m Q : 

(tin order first to estimate the mean diameter of the main 
component, we take advantage of Us being symmetrical. This is 
most easily done by draiving the inversions of the curves on a 
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transparent piece oj paper; each inverse curve is now placed 
on top oj the original curve and moved to and jro till it as jar as 
possible {Us the original curve. The mean diameter of the main 
component (m 0 ) is then the mean oj (wo arbitrary abscissae cover- 
ing one another .» 

My material consist of 342 definitely pathological curves 
from patients with liver diseases. Mogensen’s method for the 
determination of m 0 was tested on these curves. In 201 cases 
I was of the opinion that it was possible to determine ni 0 by 
Mogensen’s method, while in 141 cases the determination was 
too uncertain for the method to be used. I then tried to analyse 
the 201 curves. In 113 cases it was possible to draw a line in the 
diagrams which allowed a determination of a and !>. The method 
failed on this point in 88 cases. - 

The 113 curves were then further analysed. All of these 113 
curves could be broken up into two — and only two — components. 
The average mean diameter for the one component was 7.92 ± 0.44 
my, or very close to the value which I had fixed as a normal value. 
(7.79 i 0.24 my, see table 33). The average mean diameter 
for the other component was 8.76 ± 0.47 my. In 42 cases 
the component with the lowest mean diameter was the main com- 
ponent. In 71 cases the component which had the largest mean 
had the highest, number of frequencies. In 93 of the 113 curves, 
or in 82.4%, the relative strength of the components was as 70 — 
90 % against 30—10 %. 

I found this result very suggestive. Firstly, it was peculiar 
that the mean of the small component should assemble around 
the mean diameter, as determined for normal blood cells. Secondly, 
the difference between (lie mean diameters in the cases where il 
was possible to break down the curves was nearly equal in all 
curves, averaging 0.85 my. 

These two facts might possibly indicate that the blood cell 
populations in patients with liver diseases were composed of two 
components with difference 0.85 my between their mean dia- 
meters, and where one component consisted of normal blood cells. 
If this was correct, it would be reasonable to assume that the 
transition between the two groups changed continuously during 
the course of the illness, and in such extensive material as we 


92 


have at hand, one ought to expect an approximately equal 

number of curves with a distribution of 5, 10, 15 85, 90 and 

95 % of one component. One might then expect to find approxi- 
mately 1/3 of the curves with a relative strength of 70—90 %/ 
30—10 % between the two components. I had found this relative 
strength in 93 curves or 27.2 % of the whole material. Possibly 
therefore the missing frequency distributions were hidden among 
the 229 curves which it had been impossible to break up. 

During the analysis of the curves according to Mogensen’s 
method it became obvious that the weakest point of the method lay 
in the determination of m 0 . If one starts off with an erroneous 
value for m 0 the values for (x— m 0 ) 2 will be wrong, and the analysis 
will fail. In many cases Mogensen’s method also gave several 
possible values for m 0 , out of which only one allowed further 
analysis. 

It was therefore necessary to find another method for the 
determination of m 0 . 


The author's method for the determination of m 0 . 

By reviewing Mogensen’s description of the curve analysis 
and the examples he mentions, it is apparent that the value which 
he determines by his method with the inverse curve, is the mode, 
or the highest point of the curve. But fig. 15 shows that the 
curve is not symmetrical around m 0 as mentioned by Mogensen. 
This is only the case when the distance between the mean dia- 
meters of the two components is so great that the two components 
frequencies do not interfere with each other to any extent. 

The preliminary analysis of my material using Mogensen s 
method showed that in those cases where it was possible to break 
dowm the curves, the distance between the two components 
MD was 0.85 ± 0,10 my. In approximately 78 %, the distance 
between the means of the two components therefore ought to 
lie between 0.75 my and 1.00 my, and 93.3 % ought to have 
less than 1 my between the two means. In fig. 16 a set of 
curves built up from two normal curves are given with a — 6-16 my 
and with a distance of 1.00 my between the two mean diameters. 
The strength of the component with the smallest mean diameter 
varies from 100 to 0 %. The curve is symmetrical around m„ when 




Fig. 17: Form of composite frequency curves, consisting of two normally 
distributed components. A: Influence of distance between the means. 

dislancc 0,75 m >'- distance 1.00 my. B: Influence of 

standard deviation: : cr = 0.-1G my. — : <y == 0.50 my. 


94 


N 0 is 100 %. The curve gradually becomes skew as N 0 decreases and 
N i increases. When N 0 = N, = 50 % the curve is again symmetri- 
cal, but somewhat platykurtic. Then it becomes skew again, but 
now as an inverted picture of the previous curves — and finally 
again symmetrical when N 0 is 0 and N x is 100 %. In figure 17 
similar curves are given where N 0 decreases from 100 % to 50 %. 
In the series to the left the distance between m 0 and nij is 1.00 my 
(the fully drawn curve), and 0.75 my (the dotted curve). The series 
to the right shows how the form of the curve is changed when 
the standard deviation of the two components changes from 0.46 
my (the dotted curve) to 0.50 my (the fully drawn curve). 

Fig. 16 and 17 show that the form of the curve is decided 
mainly by how many frequencies are present in the two com- 
ponents. The distance between the mean diameters of the two 
components has a certain influence on the form of the curve, the 
variation in the standard deviation has only a small influence. 
But it is important to notice that none of these causes have any 
considerable influence on the heujht of the curve or the slope of the 
left hand limb of the curve. 

This condition is utilized to determine m 0 in the following Way: 

In fig. 18 curves composed of two components are drawn, 
each with a standard deviation of 0.48 my. The strength of N 0 
varies from 100 % to 50 % with 5 % intervals. The distance 
between the mean diameters of the two components is 1.00 my 
(the fully drawn curve) and 0.75 my (the stippled curve). For each 
curve the MD for the whole curve is marked in with a vertical 
line. 

When in 0 is to be determined, we draw the frequency curve 
which is to be investigated to the same scale on transparent 
millimeter paper. The MD of the curve is marked in. We now 
select the curve on fig. 18 ■which conforms best with the cuive 
which is being investigated, when the mean diameter of the curve 
covers the mean diameter of the model curve. It is most important 
to find a good concordance with the left-hand limb and the height 
of the curve. If the right hand component of the curve is largest, 
w e utilize the fact that the curves are symmetrical around N„ : 50 %, 
and turn the curve so that the right hand limb of the curve may be 
fitted with the left hand side of the model. When the correct model 


Fig. 18: Model curves used in the analysis of pathological frequency curves. 
Each curve consists of Uvo normally distributed components, with <y — 0.4 S 
my. Distance between the means 0.75 my (the stippled curves) and 1.00 my 
(fully drawn curves). The number of frequencies in each component is given 
in the margin. (For practical use see the data given in tables 42 — 15.) 
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curve has been found, m 0 is marked in directly on the curve which 
is being investigated and the analysis is carried out as previously 
described. y 

Practical experiments showed that m 0 in this way could be 
determined satisfactorily in the greater number of cases. 

Already when fitting the curve with the model, one obtains 
quite a good indication of the composition of the curve, but I 
have found it correct to carry out the full calculation ,in all cases. 
The practical calculations may be facilitated considerably by pre- 
paring auxiliary tables. 


The accuracy of the analysis. 

In order to obtain an impression of the accuracy of the analysis, 
the following experiment was made. 

Experiment no. 18: From fig. 18 the curves with N 0 90 %, 80 %, 
70 %, 60 % and 50 % were chosen. The frequencies of these 
curves Were taken as the exact expression of corresponding hypo- 
thetical populations. By means of Tippet random sampling 
numbers 4 new samples were extracted from each hypothetical 
population, altogether 20 series. As in experiment no. 17 the fre- 
quency sum was 400 (table 30). 

These 20 series, each of 400 frequencies, represent an equal 
number of samples of the hypothetical populations, and those 
variations which may occur can only be caused by random sampling. 

These 20 series were then dealt with as if they were actually 
observed curves: 

The frequencies Were smoothed out after MD and s had been 
determined (ref. pg. 66). m 0 was determined in the way described 
on page 94, and the analysis of the curves was attempted. But 
before this/ they were all mixed so that one did not know 
the sequence of the curves. The result of the experiment is given 
in tables 30 and 31. In all cases, the curves were placed in the 
correct groups. Furthermore, m 0 could not be determined with 
greater accuracy than 1/4 of class interval, or 0.0625 my. On an 
average m 0 was found to be smaller than the true value and mj 
larger than the true value. The difference mj — m 0 therefore be- 
came larger than the true value, 0.86 ± 0.15 my against really 
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TABLE 31. 


Frequency-distributions selected Iron, fig. is, with corresponding random mmplino 
scries. Parameters and characteristics calculated from data in table 30 
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Stnndnrddev.: 0.00 

0.13 

0.02 

0.05 
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0.75 my. This is because in the determination of ni 0 . as well 
as in the later calculation of in,, one put too much stress on the 
peripheral variate classes with few frequencies. 

Concerning the. determination of in, as well as s, the result is 
poorer in the case of the bi-component than the main component. 
Firstly, the bi-component, usually contains fewer frequencies and 
the determination is therefore less accurate. Secondly, the fre- 
quencies of the bi-component appear after the frequencies of the 
main component, have been calculated, according to the formula 
for the normal distribution. All random errors will therefore 
gather in the frequencies of the bi-component. 
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The degree of variation of the single characteristics is shown 
in table 31, bottom line. This variation comes in addition to the 
other errors in the method. The accuracy with which the dif- 
ferent characteristics are determined will be discussed later. 


Practical execution of the curve analysis. 

The analysis of the frequency curves demands a con- 
siderable calculation work. It may, however, be simplified by 
using some auxiliary tables. Those functions which frequently 
reappear are the values for (x— m 0 ) 2 and the values for the fre- 
quencies of the normal curve in the individual variate classes. 
The scheme shown in fig. 19 was used for the analysis. The 
values for (x — m 0 ) 2 are marked in along the left hand border of the 
sheet. Since it was possible to determine m 0 only with an accuracy 
of 1/4 of the class-interval, we need but 4 schemes where m„ lies 
0, 1/4, 1/2 and 3/4 of the class interval from the mean value of 
the class. On the right half of the scheme the frequencies of the 
normal curves in each variate class are given in %, for curves 
with a from 0.42 to 0.56 my. 

The use of the scheme is best illustrated by an example: 



Fig. 20: Analysis of pathological frequency curves. Observed and adjusted 

curve used in example. 


Fig. 20 shows the frequency curve of a case of chronic 
hepatitis. The observed frequencies are marked with ♦ and the 
dotted curve. Based on these frequencies we calculate MD to 
be 8.67 my, and s to be 0.55 my. The curve is then smoothed out 
according to Mogensen (pg. 66). The new frequencies are marked 
with o and the smoothed out curve is indicated by a fully drawn 
line. The mean diameter is marked in, and the curve is fitted 



0.02 0.03 0.05 0.07 
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Fig. 21: Analysis of pathological frequency curves. Illustrates the use of the scheme (fig. 19) when analysing the curve in fig. 20. 
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with the curves in fig. 18. m 0 is found to be 8.813 my. 8.813 my 
is 8.625 my -f 3/4 of the class interval, and we shall therefore 
use the scheme in fig. 19. A transparent paper is now placed over 
the millimeter paper of the scheme and we write in the smoothed 
frequencies in each variate class (fig. 21, column 3). In a three 
figure logarithm table we look up the logarithms of the frequencies, 
and write these in the second column of the scheme. By means 
of the underlying millimeter paper we mark in the corresponding 
values for column 1 [(x — m 0 ) 2 ] and for column 2 [log f (x— m)] 
in the coordinate system. In fig. 21 the values which correspond 
to the right hand limb of the curve are marked with • and those 
which correspond to the left hand limb of the curve are marked 
with +. It appears from fig. 21 that all values marked with • 
are gathered around a straight line which may be drawn in. By 
reading off from the underlying millimeter paper we find a — 
2.00 and b — 1.85. 

According to equation (5) (page 86) we get 

s = Y 0.217 • = 0.48 my 

According to equation (8) (page 87). 

N — 10.02 • s • antilog b 

Antilog b is found in the logarithm table to be 71, and conse- 
quently : 

N = 10.02 • 0.48 • 71 = 342 

The characteristics of the main component are therefore: 

m Q : 8.813 my 
s Q : 0.48 my 
N 0 : 342 

In order to determine the bi-component we multiply the frequ- 
encies of the normal curve with c = 0.48 my with 3.42. The frequen- 
cies are rounded off to the nearest whole figure and entered in the 
fourth column of the scheme. By subtraction we find the figures 
in the 5th column,, which are the frequencies of the bi-component. 
The frequency sum of the bi-component should be 57 while we 
find 68, because we calculate with a normal distribution of the 
main component instead of the frequencies which really belong 
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to the sample. From the frequencies of the bi-component we 
find the characteristics in the usual way to be: 

nq : 8.04 my 
s x : 0.45 my 
N x : 68 

The necessary auxiliary tables are given at the end of the 
book (tables 42 — 45). 


Resume of Chapter VI. 

The frequency curves of the blood cell diameters, 2 series 
from patients with chronic hepatitis and, 2 series from patients 
With untreated pernicious anaemia, are given in fig. 13. By random 
sampling it is shown that the variation between the curves in 
each series is not greater than allowed for by random causes. 
One concludes that the abnormal curves represent real condi- 
tions in the blood of these patients. 

It is mentioned that previous authors have shown that these 
curves are heterogeneous, built up from several distinct com- 
ponents. Mogensen’s method for the analysis of the patho- 
logical frequency curves is reviewed. Mogensen’s method is 
tested on 342 frequency curves from patients with liver diseases. 
In 113 cases the curves could be broken up in two distinct com- 
ponents. The method failed in 229 cases. The cause is a failure to 
determine the main component’s mean diameter. A new method 
for the determination of this value is proposed. With this new 
method the analysis succeeds. The accuracy of the analysis is 
tested by random sampling. The final method for analysis of 
pathological frequency curves, and the use of prepared auxiliary 
tables are shown by a practical example. 



CHAPTER VII. 


Final measuring technique. 

Other haematological methods. 

Normal values. 

Measurement of the red blood cell diameter. 

The measurements are done in films of capillary blood. The 
blood films are immediately stained with May-Griinewald-Giemsa 
stain at Ph. 6.8. All blood films are taken in the morning before 
breakfast. The films are photographed with the apparatus described 
on page 45. 


The optical equipment. 

The source of light: Point-light bulb, 25 \v/ 6 a. The point of 
image of the light source in the diaphragm opening of the sub- 
stage condenser. 

Filler: Yellow green. Centroid of transmission: 5 700 — 5 350 A. 

Subslagc condensor: N. A.: 1.20. 

Objective: 1/12 achrom. oil-imm. Leitz. N. A. 1.30. 

Ocular: Periplanatic Leitz 10 x. 

Degree of enlargement: 1 000 x. 

Film: Electrocardiographic paper. 

The measurements are made with a scale, graded to 0,5 nun 
(i e. 0.5 my). The diameter of the blood cell is the mean of the 
largest and smallest diameter and is registered in classes with 
class interval 0.25 my. In order to eliminate the personal error 
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(page 62 and following) and the assistants’ different powers of 
distinction (page 72) all new assistants were first tested by letting 
them measure the series A. and B in expei iment 6. Assistant A s 
results were chosen as «normal» and no assistant was employed 
who deviated more than 0.10 my in the determination of MD. 
Those assistants wlio had the personal errors mentioned in chapter 
IV to a marked degree were not employed. As far as possible, one 
controlled that the same assistant investigated all the prepara- 
tions from the same patient. In order to avoid suggestion, the 
preparations w r ere marked with numbers which were not conse- 
cutive. The assistant never knew from which patient the pre- 
paration was taken. 


The number of cells measured . 


Previous authors measured a varying number of blood cells, 
from Jorgensen & Warburg who measured 50 blood cells, II. C. 
Gram (1), Hornefeer and others who measured 100, to Price 
Jones (7),Mogensen (1), Poiile and others who measured 500, 
and Crosetti who measured 1 000. The number of blood cells 
chosen for measurement frequently appears to be fairly hap- 
hazard. Price Jones (7) indicates that he measures 500 because 
«500 cells are a convenient number.* V. Boros (1) indicates 
that 200 blood cells arc sufficient in normal blood samples, but 
states, without further substantiation, that it is necessary to 
measure between 600 and 800 in pathological cases. Mogensen (1) 
choses the number to be 500 after having discussed the variation 
of MD in normal persons. 

We have here two opposing interests. On the one hand the inves- 
tigation takes a great amount of time, and an increase from 200 
to 500 in the number of blood cells measured necessitates approxi- 
mately iy 2 hours more work for each preparation. On the other 
hand, the accuracy of the method increases with the number of 


blood cells which arc measured. 

It appears reasonable to me that the problem must be solved 
b} studying the variations in pathological preparations since 
H is for pathological preparations that the measurement is to 
he used. It wall appear from the previous chapters that it is the 
form of the frequency curve which is most difficult to bring for- 
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TABLE 32. 

■/-analysis of random sampling series compared with corresponding 
series selected from experiment no. 17 . 

Values of P obtained when measuring different number of cells. 



ward in a satisfactory manner. In order to answer the question 
one may use the results from the Tippell-curvcs in experiment 
no. 17. Here the Tippelt-curvcs were produced by random 
sampling from pathological universes and the curves were com- 
pared with the universe by y} analysis. To each value of y; there 
is a corresponding value of P which indicates how well the Tippelt- 
curvcs conform with the universe. By random sampling from 
these pathological universes 16 Tippet-curves with 100, 200, 400, 
600, 800 and 1 000 frequencies, corresponding to 50, 100, 200, 
300, 400 and 500 measured blood cells, were selected. The curves 
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tfere compared with the hypothetical universes by r-analysis. 
In lable 32 the distribution of P in these groups of curves is given. 
The table shows that the curves which correspond to 50 and 100 
measured blood cells have a great spread in the value of P. But 
already with N = 200 the spread diminishes, and does not im- 
prove noticeably when the frequency sum is increased. I there- 
fore regard 200 blood cells as (he most convenient number to measure 
and this also applies to pathological preparations. 200 blood cells 
is the number which gives the greatest degree of accuracy with 
the least amount of work. The improvement obtained by increasing 
the number to 500 or 1 000 is not so great that it justifies the con- 
siderable amount of exLra work entailed. 


The accuracy of MD. 

In table 33 the normal hacmalological values arc given for 
20 normal persons, 10 men, and 10 women. The mean diameter 
in these 20 preparations is 7.79 ± 0.21 my. In table 12 is shown 
that assistant A found a difference of 0.71 my in MD by drawing 
and photography. 7.79 — 0.71 gives 7.08 my which agree well 
with the values found by Mogensen (1) (7.15 my) and PmcE 
Jones (7.2 my), and the difference is therefore assumed to be 
due to differences in the technique. Price Jones, Mogensen 
and Hernberg have a variation in the diameters of approximately 
0.15 my. My variation is somewhat greater, 0.24 my, due to the 
fact that I measure 200 instead of 500 blood cells, whereby my 
standard error increases to some extent, and because my measure- 
ments have been made by several assistants, each with his indi- 
v’dual «faclor» (ref. experiment no. 15). 

Previous authors decide the accuracy in the determination 
of the mean diameter by investigating the variation of MD in a 
series of normal preparations taken simultaneous]}’ from the same 
person. (Price Jones (7), Mogensen (1) and Hernberg (1).. It 
will lie more correct to determine the variation in a scries of pre- 
parations taken over a longer period of time from pathological 
populations. The variation in MD has two causes. The variation 
■\\liicli is caused by random sampling, and the variation which is 
caused by technical errors*). Experiment no. 17 shows that the 
variation in pathological samples is not greater than that seen 
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in hypothetical curves. It may therefore lie assumed that the 
technical error is the same in pathological as well as in normal 
preparations. 

In experiment no. 1 1 it is shown that in preparations from normal 
persons, taken over a longer period of time, MD varies with between 
0.04 and 0.10 my. This variation is partly due to random sampling, 
partly due to technical errors. If the total variation is named E, 
and the technical error z, we can write: 



The best estimation of n is s, which in normal persons averages 
0.45 my. In experiment no. 11 N is 200. From this z may be calcu- 
lated, and is found to be 0.0948 my, 0.0734 my, 0.0242 my, 0.0948 
my and 0.0242 my with an average of 0.0623 my. 

In addition to this technical error comes the variation in MD 
due to random sampling in pathological curves. This is not the 
same as the standard error in normal curves. An estimate of 
the random sampling error in pathological curves may be obtained 
from the Tippet curves in experiment no. 18 (table 30). Calculated 
from this table the variation in MD around the corresponding 
parameter is A 0.0324 my. The total error in the determination 
of the mean diameter of pathological samples is therefore: 

E 2 = 0.0G23 2 + 0.0324 2 
or: 

E = 0.072. my. 

Approximately 95 % of all observed values for MD should be 
within A 2i/ 2 E or A 0.18 my of the true value and therefore 
in the present work wc will assume that a difference less than 0,2 
my between two observed values of MD in the same patient is with- 
out significance. 


The accuracy of s. 

In experiment no. 6 it was shown that s in a series of samples from 
the same normal person did not vary more than allowed for by 
random sampling. In order to determine the variation of s in 
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pathological samples the values in the experiment no. 18 
(table 30) may therefore be used. These values for s vary 
around their respective parameters with ± 0.023 my. 2y> X 0.023 
m y _ 0.06 my which is fixed as the upper limit for the variation 
in s between two preparations taken from the same person 

It is more important to fix the upper normal limit for s. Table 
33 shows that s in my normal material is 0.46 ± 0.02 my and 
like Price Jones and Mogensen i therefore fix the upper normal 
limit at 0.50 my. Single values from 0.50 my to 0.53 my will be re- 
garded as doubtful, values over 0.53 my as definitely pathological. 


The accuracy of other characteristics 

Table 31 shows the variation of the other characteristics 
caused by random sampling and deficiencies in the method 
used for analysis of the curves. To this variation must be 
added the variation which is caused by the technical errors. By 
following the same procedure as before, the variations of the indi- 
vidual parameters arc found as follows: 

m 0 varies with ± 0.0S7 my around its parameter 
s 0 » » ± 0.020 my » » » 

uij » >■> 4; 0.144 my *> » » 

s x » » 4; 0.050 my » » » 

N 0 and varies with ± 5 % around their parameters. 

The variations in m 0 and s 0 are close to the variations previously 
found in MD and s. One may therefore fix the same limits for the 
variations of these two values as were fixed for MD and s. 
The variation in the characteristics in the secondary component 
is so considerable that any direct comparison between values of 
these characteristics in the same patient has hardly any purpose. 


The accuracy of the frequency distributions. 

The frequency curves from normal persons may be compared 
^ilh the corresponding normal curves by ;r-analysis and they 
then show good agreement (table 33 column P). The pathological 
curves can not be compared with normal curves. They can, how- 
ever, be compared with the models in fig. 18 provided the analysis 
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shows that the population is in agreement with these models 
This applies to patients with liver disease, but not to patients 
with pernicious anaemia. The /-analysis in these cases involves 
rather heavy calculations. I therefore simplified the method in 
the following way: 6 sets of curves as in fig. 18 were produced 
where <j varied from 0.42 my to 0.52 my. When a curve had been 
analysed and its characteristics had been determined, the ob- 
served frequency curve was placed over the model with the nearest 
value for N 0 and s 0 . The difference between the observed and the 
expected frequencies in each variate class was determined by 
counting the squares on the millimeter paper. By this method 
the / analysis is considerably facilitated, but we do at the same 
time introduce assumptions which are not always present: 

1) We assume that the two components from which the curve 
has been built have the same standard deviation. 

2) We assume that the distance between m 0 and mi is the same 
as in the model curves, either 0.75 my or 1.00 my. A certain degree 
of interpolation may however be done. 

3) The frequency sum of the main component in the curves 
found will not always be exactly the same as in the model curve. 

Practical experiments show, however, that one obtained good 
agreement between the /-analysis carried out in this way and 
by analysis carried out by direct computation. By comparing 
20 pathological curves where / had been calculated in both ways, 
one found a maximum variation in / = 1.22, and only in 2 of the 
20 cases did a difference in / result in another value for P. The 
/-analysis has therefore been carried out in this graphic way, 
by calculating / for 8 variate classes in the case of all curves. 


Other haematological methods. 

Haemoglobin was determined with a Zeiss-Ikon haemometer 
adjusted to 100 % = 13.8 gr. In order to calculate mean cor- 
puscular haemoglobin and mean corpuscular haemoglobin concen- 
tration, the values found in % for Hb were converted into 
grams per 100 ccm. blood. 

The number of red blood cells was counted according to Eller- 
man-Erlandsen’s method as described by Meulengracht & 
Gram. 



TABLE 3 3. 

Ilcicmalological values. 20 normal subjects. 
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The corpuscular volume ( haematocrit value ) was determined with 
van Allen’s haematocrit using the diluting fluid indicated by 
Christensen & Warburg. A sufficient quantity of diluting fluid 
was prepared at the beginning of the investigation. It was distrib- 
uted in bottles of 50 ccm. and sterilized. Bethel & Rott- 
schaefer, and Bang & 0rskow state that the permeability 
of the red blood cells in liver disease is changed so that centri- 
fuging with a diluting fluid gives wrong values for the corpuscular 
volume. Several experiments were therefore performed, com- 
paring the results obtained by van Allen’s haematocrit and by a 
haematocrit where undiluted heparinized capillary blood was 
centrifuged in capillary tubes. (A similar model of haematocrit 
has been described by Josephson (1)). No disagreement between 
the two methods was found. 

Farii/EUS (2) and Hahn, Ross & co-workers have pointed out 
that the distribution between blood cells and plasma is not the 
same in venous blood as in capillary blood. Therefore, since all 
other haematological values were determined in capillary blood, 
the haematocrit determinations based on venous blood, as for 
instance with Wintrobe’s haematocrit, were not used. 

The fragility of the red blood cells was determined by mixing 
blood with NaCl-solutions of known concentration. Macroscopic 
reading off after 12 hours. The same solutions were used during 
Llie whole investigation, and by analysis at the beginning and 
at the end of the investigation it was shown that the fluids had 
not changed their concentration. 


Normal values. 

If we compare the normal values in table 33 with the normal 
values usually given, the table shows sub-normal values. In 
Norway the normal values given by Linneberg & Schartum- 
Hansen are usually accepted as normal. These values confoim 
by the way, well with values given from other countries (Win 
trobe, Haden, Vaughan, Whitby & Britton, Schulten and 
Schilling). 

Linneberg & Schartum-ITansen give as normal mean values 
for haemoglobin 15.60 g for men, 14.06 g for women. Red blood 
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TABLE 34. 


Normal values of different authors. 


A u t li o r 

i 

Haemoglobin 1 
in g 

Red blood cells 
in millions 

Volume 

0 / 

/o 

6 

! 9 

1 1 

6" 

9 

1 

9 

Linneberg & Schartum Hansen 

15. GO 

i 

14.06 ! 

5.27 

4.49 

45.0 

1 

39.0 

Lange & Palmer ....... 

14.35 

I 

13.10 | 

4.47 | 

4.01 

44. S 

41.1 

The author 

14.00 

13.16 1 

! i 

5.15 j 

4.S4 

41.2 

3S.4 


cell count: 5.27 mill, for men, 4.49 mill, for women, and vol. % : 45 
for men and 39 for women, in all higher values than the corres- 
ponding figures in table 33. 

Possibly the difference is due to the fact that my investiga- 
tions were done during the war years 1943 — 1946. Lange & 
Palmer examined 197 students in Oslo in 1943 and found that 
both the haemoglobin, the number of red blood cells and the 
volume percentage showed lower values than in previous Nor- 


TABLE 3 5. 


Normal hacmalological values. 



Mean value , 

| 

Upper limit 

Lower limit 

Haemoglobin in g pr. 100 ccm 

14.00 

15.75 

12.25 

O 

13.16 I 

14.91 

31.41 

9 + $ 

13.60 

15.S0 

11.40 

Red blood celt count in mill. 




pr. cub. mm. ^ 

5.15 

5.70 

4.60 

9 

4.84 

5.39 

4.29 

0 , 9 +c? 

5.00 ! 

5.70 

4.30 

tied ecu mean diameter ... 

7.S0 my 

8.35 my 

! 

7.20 my 

Standnrddeviation of the dia- 

meters of the red cells . . 
Volume % (Hacmatocrit value) . 

0.4 G my 

40 

0.50 my 

46 i 

34 

Mean corpuscular volume . . . 

SO cub. my 

90 cub. my 1 

70 cub. my 

Mean corpuscular haemoglobin 
—12 

m g. 10 ... 

27.2 

30 

24 

Mean corpuscular haemoglobin 


concentration (%) .... 

34.2 

40 

29 

1 

Red cell fragility ... 

Icteric Index (Meulcngracht) . j 

0.30/0.46 

8 


8 
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wegian slalistics. Davidson, Wilcke, Fein Sc Reiner h ave 
published similar data from Vienna. 

In table 34 Linneberg & Sciiartum-Hansen’s, Lange & 
Palmer's and my results are placed together. 

Disregarding the values for the number of red blood cells, there 
is good agreement between Lange & Palmer’s and my values. 
The cause of the difference in the red blood cell counts is un- 
certain. The difference may perhaps be due to different appara- 
tuses. All blood counts in this work have however been made with 
the same apparatus and by the same assistants who determined 
the values in table 33. I therefore find it correct to use these values 
as normal values in the present work. My normal values are 
assembled in table no. 35. 


Resume of Chapter VII. 

The final technique for the measurement of the diameters of 
the red blood cells is given. Based on random sampling experi- 
ments one concludes that measuring 200 blood cells gives satis- 
factory accuracy with least amount of work, even in pathological 
cases. 

Based on previous experiments the error in the determination of 
AID is fixed at ± 0.072 mj r , that of s at i 0.023 my. Accordingly, 
a difference less than 0.20 my between two values for MD in the 
same person is regarded as not significant. The upper normal 
value of s is fixed at 0 50 my, single values between 0.50 my and 
0.53 my being regarded as doublfull. 

The degree of accuracy in the determination of the individual 
characteristics found by analysis of the curves is discussed. It is 
shown that the characteristics of the main component are deter- 
mined with approximately the same degree of accuracy as MD 
and s, whereas the characteristics of the bi-component are delei- 
mined with a considerably lesser degree of accuracy. A graphic 
method for the ^-analysis of the curves is described. Finally 
the author’s normal values for other haematological data are 
given (tables 33 and 35). If is shown that these are lower than those 
usually indicated. The cause is assumed to be that the present 
investigation was done during the war. 



PART II 

RED BLOOD CELL DIAMETERS 
IN LIVER DISEASE 




CHAPTER VIII. 


The material. 

Distribution of diseases in individual groups. 

Occurence of anaemia and macrocytosis. 

The material. 

The material consist of 98 patients with jaundice treated in 
the Norwegian Deacon Hospital, Medical Dept., from June 1943 
to August 1946, and of 2 patients with hepatitis treated in the 
University Clinic, Medical Dept. A in 1947 (patient number 28 
and 49). 

From this material were excluded those patients whose jaun- 


dice was caused by: 

Cancer 16 patients 

Anaemia (pernicious) 2 » 

Vitium cordis 2 » 

Febris typhoidea 1 » 


Icterus from unknown cause or with 
a too short observation period 5 » 


Total: 26 patients 

72 patients then remain. 

. 14 patients had cholecystitis and/or cholelithiasis, without 

any clinical signs of hepatocellular damage. The diagnosis w r as 
made by operation in 10 cases, by X-ray examination in 3 cases, 
and clinically in 1 case. The remaining 58 patients had hepatitis. 

In table 46 the patients are ranked according to the duration 
of illness. The shortest period was IS days, the longest more 



118 


than 2% years. The table shows that it is impossible to draw a 
border line between acute and chronic hepatitis. There is a gradual 
transition from one group to another. It is, however, desirable 
for the further treatment of the material to divide it into one 
group with the lighter cases and one group with the more chronic 
cases. I have chosen to place the border line at 90 days. Hepatitis 
of a shorter duration than 90 days will in the following be de- 
signated as acute hepatitis, cases of longer duration will be de- 
signated as chronic hepatitis. Purposely no attempt has been 
made to single out patients who had cirrhosis, even in those cases 
where this diagnosis was made by operation or autopsy. One 
of the patients (no. 51) who died, was at autopsy diagnosed as: 
<isub-acute hepatitis with a transition into yellow atrophy of the 
liver». This patient is placed in the group: chronic hepalilis. 
Other cases of yellow atrophy were not found. 

It must be stressed that the division into the groups, acute 
hepatitis and chronic hepatitis, has been made for purely prac- 
tical reasons. The division does not mean that there is any real 
difference. I agree with Krarup & Roholm, Wang, Bjgrneboe 
& Brochner-Mortensen and others that we have the same 
disease in both groups. 

The aetiology of the disease is unknown in most cases. 4 patients 
with acute hepatitis knew' about other cases in their nearest circle 
of acquaintance. In 2 cases (no. 35 and 54) there was a possibility 
of inoculation hepatitis. 1 patient, no. 27, developed jaundice in 
connection with a treatment with salazopyrin, so the possibility 
of intoxication can not be excluded in this case. 4 patients with 
chronic hepatitis had had previous attacks but with symptom- 
free intervals in between. 2 patients, no. 14 and 15, had Weil s 
disease. They are reckoned as acute hepatitis. 

Group A: acute hepatitis, includes 26 patients. 2 of these had 
Weil’s disease, the others were diagnosed as acute hepatitis. None 
of these patients had previously had liver diseases, but from 1 to 
4 weeks before admission they were taken acutely ill with nausea, 
vomiting, fever and, a few days later, jaundice. The symptoms 
disappeared quickly in all these cases, and none of these patients 
showed any signs of liver damage at the time of discharge from the 
hospital: Clinically symptom-free, normal values for serum colour 
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and SR, negative bilirubin and urobilin tests in the urine, nega- 
tive Takata reaction, normal values for serum albumin and pro- 
thrombin. 

Group B: chronic hepatitis , includes 32 patients. All had been 
ill for a long period and showed on admission positive signs of 
hepatocellular damage. 12 patients in this group died in hospital, 
and 3 shortly after leaving it. Autopsy was carried out in 6 cases. 

Group C: cholecystitis j cholelithiasis, includes 14 patients. 3 
patients had cholecystitis, 3 cholelithiasis, 8 patients had stone 
in the common bile duct. 10 patients were operated on, 1 died. 

During the stay in the hospital, tests were taken at least once 
a week from all patients for blood count, haemalocrit-determina- 
tion, and for measurement of the diameter of the red blood cells. 
Some patients were, however, for various reasons, discharged after 
a short time. In these cases, only one single or a small number 
of observations are available. Such short series of observations 
are of little value in a part of the following discussion. The material 
has therefore been divided into two groups: The patients having 
from 1 to 3 observations, and those on whom we have 
carried out more than 3 observations. In the first group we 
use only the first observation, whereas the others are rejected. 
The patients in this group arc only used in the discussion of 
some questions. The final classification of the material is as follows: 


Group A: Aculc hepatitis: 

Patients with more than 3 observations 15 

Patients with 1 observation 11 

4 ... A A 



— 

26 

Group B: Chronic hepatitis: 



Patients with more than 3 observations . . . 

. . . . 24 


Patients with 1 observation 

. . . . 8 




32 

Group C: Cholecystitis l Cholelithiasis: 



Patients with more than 3 observations 

. . . . 6 


Patients with 1 observation 

. . . . 8 




14 


Total : 72 
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At one point in the discussion, 1 needed blood counts from 
patients -with pernicious anaemia. For this purpose case reports 
from patients who previously had been treated in the University 
Hospital, Medical Dept. A, were used. 

At another point, I needed frequency curves of blood cell diam- 
eters from patients with untreated pernicious anaemia. For 
this purpose I used blood films from my own collection. These 
patients have all been treated in hospitals where I have been 
serving, but they have not been specially examined with the 
present investigation in mind. 

Case-reports, together with the haematologic findings, are col- 
lected in table 46. 


Age and sex distribution. 

Table 36 shows that whereas the cases of acute hepatitis 
are distributed fairly evenly between the two sexes, the cases 
of chronic hepatitis are mostly found in the older age group of 
women. The same distribution has been found by Jersild in 
Denmark. 

TABLE 36. 


Age and sex distribution , 



Men 

Women 

1 

0 — 39 years 




Acute hepatitis .... 

5 

4 

9 

S 

ft 

Chronic hepatitis . . . 

1 

5 


26 

Cholecystitis 

1 

3 

1 

1 

9 

Chronic hepatitis/died: . 

o 

4 

0 j 

12 


Occurrence of anaemia. 

Table 46 shows that 6 of the 26 patients with acute hepa- 
titis, and 23 of the 32 patients with chronic hepatitis have one or 
several observations where the haemoglobin is lower than U. 1 
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g/100 cc, the lower border value for normal persons in my material. 
2 patients with acute hepatitis and 3 of the patients with chronic 
hepatitis have subnormal haemoglobin-values during the whole 
of their stay in hospital. 

The number of red blood cells is lower than normal in 4 of 
the 26 cases with acute hepatitis and in 17 of the 32 cases with 
chronic hepatitis. The anaemia is usually normochrome and fairly 
moderate. The lowest value observed in the group acute hepatitis 
is 9.3 g. Hb. and 3.22 mill. R. b. c., in the group chronic hepatitis 
7.6 g. Hb. and 2.5 mill. R. b. c. The mean corpuscular haemoglobin 
(MCH) is in no case lower than the lowest normal value, 24. 10 ' 12 . 
2 patients in the group acute hepatitis and 5 patients in the group 
chronic hepatitis had one or a couple of observations where MCH 
is higher than 30. 10 " 12 , but only one patient had this during 
the whole course of the disease. Hyperchromic anaemias do not 
occur regularly in this material. 

Increased mean corpuscular volume does not occur in the 
group acute hepatitis. Values higher than 90 cub. my occur in 
4 patients with chronic hepatitis, but only in 1 patient during 
the whole course of the disease. 


Increase in MD. 

Increase in the mean diameter of the red blood cells beyond 
the upper normal limit occurs in 21 out of 26 patients in the group 
acute hepatitis, in 21 of the 32 patients in the group chronic 
hepatitis and in 1 of the 14 patients in the group cholecystitis. 
The single observation in this group was made in patient number 
62, the day after a stone in the common bile duct had been re- 
moved and in connection with a collapse. 

That the diameter of the blood- cells had not increased beyond 
the upper normal limit in 16 of the patients with hepatitis does 
not mean that these patients had a normal MD. We will later 
show that the average increase of MD in hepatitis is approximately 
0.7 my. The mean diameter in normal persons may vary between 
7.20 and 8.35 my, and it is therefore quite possible that patients 
may have an increased mean diameter without the value exceeding 
the upper normal value. 
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If we calculate the groups’ mean value for MD on admission 
when the disease is usually at its climax, and for the group acute 
hepatitis, also when the patients were discharged from hospital 
we obtain the following values: 

The mean erythrocyte-diameter in: 

Acute hepatitis on admis. to hosp. (26 patients) 8.05 ± 0.26 my 
Acute hepatitis on disch. from hosp. (15 patients) 7.96 ± 0.24 my 
Chronic hepatitis on admis. to hosp. (32 patients) 8.40 ± 0.45 my 
Cholecystitis on admis. to hosp. (14 patients) 7.86 ± 0.25 my 
Normals (table 33) (20 persons) 7.79 ± 0.24 my 

The variance ratio’s are: 

Between untreated acute hepatitis and normals . . . 76.05*** 


Between chronic hepatitis and normals 20.22*** 

Between cholecystitis and normals 1.55 


Between treated acute hepatitis and normals .... 3.95* 

Between untreated acute hepatitis and chronic hepatitis 1.14 

My material, therefore, shows the same which previously has 
been shown by a number of authors (see page 15), namely 
that the mean diameter of the blood cells is increased in hepatitis 
and is normal in jaundice due to occlusion. The treated acute 
hepatitis is clinically symptom-free and in concordance herewith, 
no definite difference between the mean diameters in this group 
and the normals is found. Finally, there is no significant dif- 
ference between the mean diameters in the group untreated acute 
hepatitis and the group chronic hepatitis. 

The group cholecystitis has at the time of admission an average 
mean diameter which does not differ significantly from the normal 
values. But even in this group we occasionally find niacrocytosis 
during the course of the disease. This occured in patients nos. 59, 
62 and 63 in connection with operation for gall-stones, in patients 
nos. 64 and 65 in connection with gall-stone attacks with jaundice. 
The degree of macrocytosis is however slight, and recedes quickly- 
Aagerup has show that the liver parenchyma often shows histo- 
logical changes in cholecystitis, even in those cases where them 
are no clinical signs of liver damage. 
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Resum6 of Chapter VIII. 

The clinical material which is used as a basis for the investiga- 
tions consists of 58 patients with hepatitis and 14 with chole- 
cystitis and/or cholelithiasis. 

For practical reasons the patients with hepatitis are divided 
into one group with lighter cases (duration less than 90 days and 
resulting in full recovery), and another group with more serious 
cases. The first group is designated as acute hepatitis, the other 
group as chronic hepatitis. 

The patients have had weekly examinations of the blood 
during their stay in hospital. The observations (from 1 to 20) 
of each patient, are collected in table 46. 

After a short report on the age-sex-distribution of the material, 
it is shown that the patients with hepatitis usually have a slight 
normochromic anaemia, that they have no increase in the corpus- 
cular volume, but that there regularly is an increase in the mean 
diameter of the red blood cells. In the cases of cholecystitis/ 
cholelithiasis the mean diameter is usually normal or only slightly 
increased. 



CHAPTER IX. 


The cause of macrocytosis in liver diseases. 
The theories of «the peripheral cause». 

In the introduction it was mentioned that several authors be- 
lieve the cause of macrocytosis in liver diseases to be found in the 
peripheral blood. These authors maintain that the changes appear 
and disappear so rapidly that no other explanation seems likely. 
They are mostly of the opinion that it is caused by osmotic distur- 
bances, that the blood cells swell and increase in volume by 
absorbing -water. 

Engelsen reports that he produced macrocytosis in vitro 
by mixing normal blood cells with icteric plasma. 

Engclsen’s experiment. 

Engelsen mixed his own blood cells with plasma from a patient 
suffering from jaundice, and observed that his blood cells in- 
creased in diameter by 0.34 my after 2 hours and 0.44 my after 
14 y 2 hours. 

Experiment no. 19. 

A 20 ccm. syringe was moistened with 2 % heparin solu- 
tion. Blood from the vena basilica was taken from a patient 
with chronic hepatitis (icteric index 60) and from a normal 
person. The blood cells were separated from the plasma by cen- 
trifuging for 20 minutes. The plasma was removed by means 
of a pipette. The blood cells were stirred out in their own 
plasma and in the other plasma. The number of red blood 
cells was adjusted to approximately 4.5 — 4.7 mill, per mm 3 , 
and examined, after 2, 24 and 48 hours (table 37). 



TABLE 3 7. 

Blood from normal a person and a patient with icterus. (Both bloodgroup A). 
Blood centrifugated, bloodcorpuscles mixed with own and the other plasma. 
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The table shows, as in Engelsen’s experiment, an increase in 
MD of the normal blood cells when they are stirred out i n 
icteric plasma. After 2 hours, the increase was 0.20 my. After 
24 hours MD decreased to 0.8 my below the normal value. 

In concordance with Engelsen’s experiment, no significant 
reduction was observed in the MD of the blood cells from the patient 
with jaundice when these were stirred out in normal plasma. 
But the experiment also shows that the diameter of the normal blood 
cells increases when they, after the centrifuging, are stirred out in 
their own plasma. The increase is 0.31 my, or 0.11 my more than 
when they are stirred out in icteric plasma. The diameter of the 
blood cells decreased by storage in all tests. Simultaneously their 
corpuscular volume increased, showing that the cells gradually 
attained spherical form. After 48 hours they were so changed that 
haemolysis occurred when they were centrifuged prior to the deter- 
mination of the corpuscular volume. 

The experiment shows that the increase observed in MD is 
not due to the icteric plasma as such, but that the increase is an 
artefact caused by the centrifuging and other manipulations during 
the experiment. The experiment also shows how careful one has 
to be when judging experiments in vitro. 


Behaviour of blood cells in hypotonic salt solutions. 

Experiment no. 20: To get an impression of the way the blood 
cells are influenced by osmotic disturbances, normal blood cells 
were stirred out in hypotonic salt solutions, the number of red 
blood cells in each sample being between 4.16 and 5.00 mill, per 
mm 3 . The samples were investigated as if they were normal blood 
samples (table 38). 

The table shows that with decreasing concentration of the 
salt solutions the corpuscular volume of the blood cells inci eases 
from 82 cub. my to 120 cub. my whereafter haemolysis occurs. 
Any simultaneous increase in MD does not occur. The standard 
deviation increases only slightly, and the concordance between the 
frequency curves and the normal curves is in every case good, 
thereby showing that all blood cells are changed to the same extent. 
This experiment confirms observations made by Guest & Ming. 
The blood cells behave as if they were surrounded by a semi- 
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Fig. 22: Corresponding values for icteric index and MD in cases ot acute and 

chronic hepatitis. 


permeable inelastic membrane. They absorb water until they 
have attained spherical shape' and thereby the largest volume 
possible for a given surface. When this point is reached liaemolysis 
occurs. 


Is the macrocytosis caused by jaundice ? 

As mentioned in the introduction, this has been suggested 
among others by C. Gram and Mecjlengracht. A number of other 
authors have, however, not found any correlation between the 
icteric index and MD. The corresponding values for the icteric 
index and MD in my material are given in figure 22. There is no 
correlation, and jaundice as such, is therefore not the cause of 
the macrocytosis. 

Is the macrocytosis due to osmotic disturbances? 

This is suggested among others by Gamna, Rosenberg, Bethel 
& Rottschaefer and Rodino & BaNos. 

The changes in osmotic pressure might conceivably be caused 
by disturbances in the electrolytes and/or by disturbances in the 
plasma proteins. 
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The relations of the electrolytes have not been specially investi- 
gated in my material. But Broch (1, pg. 66) finds no increase in 
the size of the blood cells, particularly not in their MD, when the 
concentration of the electrolytes is reduced. He draws the con- 
clusion that the concentration of the electrolytes changes equally 
much in the intracellular as in the extracellular fluid. Broch has 
further shown that patients with acute hepatitis for the greater part 
have normal electrolyte values, and on page 122 is shown that 
these patients have an increase in MD equal to patients with 
chronic hepatitis. 

Change in the plasma proteins is more often given as the cause 
of the macrocytosis. Lange (2) and Ponder (2) point out that 
the sedimentation rate, for the greater part, is decided by the con- 
tent of fibrinogen and globulin in the plasma. One might there- 
fore expect a correlation between SR and MD if changes in the 
plasma colloids are of any importance. Any such correlation has 
not been observed in the present material (cfr. table 46). 

A simulataneous determination of MD and the content of 
albumin and globulin in the plasma have been done in 35 cases 
(table 46). No correlation between MD and Lolal protein could 
be found, nor any correlation between MD and the globulin con- 
centration in the plasma. 

There seems, however, to be a certain correlation between 
MD and the albumin/globulin-ratio (fig. 23). 

Those authors who maintain that there is a connection be- 
tween MD and the globulin content in plasma are of the opinion 
that the increase in the size of the blood cells is due to osmotic 
disturbances. But according to experiment no. 20 one would have 
to expect a simultaneous increase in the corpuscular volume of 
the blood cells, and fig. 24 shows no such correlation between the 
corpuscular volume and the A/G-ratio. 

Furthermore, experiment no. 20 shows that the concentration of 
the salt solutions must be lowered by 0.1 % in order to cause 
changes which can be measured. 

The osmotic concentration of a 0.1 % NaCl solution at 37° 
is approximately 330 mm Hg. Since the total osmotic concentra- 
tion of the plasma colloids is only 30 to 40 mm Hg, it is difficult 
to accept changes in this fraction as the cause of the macrocy- 

9 
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Fig. 23: Corresponding values for MD and Albumin/Globulin ratio. 

. : Chronic hepatitis. ° : Acute hepatitis. +: Obstructive jaundice. 

losis. Bjorneboe, Brun & Raaschou have shown that if the 
colloid osmotic pressure in plasma decreases by 11.8 mm. Hg-> 
the patients develops ascites and oedema. Only a few of the 
patients in this material, and none of the patients with acute 
hepatitis, had ascites, so it is hardly likely that important dis- 
turbances in the colloid osmotic pressure of the plasma were 

present. . /r ' 

More likely, the correlation which appears between the a/u 

ratio and MD is due to both changes being an expression 
for an existing liver damage. The greater this is, the more marked 
the changes will be. If is worth noticing that the correlation - 
most marked in the group chronic hepatitis (sec fig. - ) " ier 
the disturbances in the albumin/globulin-ratio is mosL pronounce ■ 
Fig. 23 shows no definite correlation in acute hepatitis, as . 
as it is possible to judge from the few observations, and si. 
the increase in MD is as large here as in the group cir 
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Fig. 24: Corresponding values for mean corpuscular volume and Albumin/ 
Globulin ratio, o : Acute hepatitis. • : Chronic hepatitis. + : Obstructive 

jaundice. 


hepatitis (see literature survey by Bodansicy Sc Bodansky 
page 234). 

The conclusion must be that the macrocylosis can not be 
caused by osmotic disturbances. 

Firstly, osmotic disturbances in the plasma of persons suffering 
from liver diseases do not appear to such an extent that they can 
explain the observed change in MD. Secondly, experiment 20 
shows that the volume should increase without a simultaneous 
increase in MD, but on page 121 it is stated that exactly the 
opposite takes place in the present material. The mean diame- 
ter of the red blood cells increases without a simultaneous increase 
in the volume. Diagram 25 shows that neither is there any corre- 
lation between the mean diameters of the samples and their corpus- 
cular volume, an argument which has previously been pointed 
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Fig. 25: Corresponding values lor Mean Corpuscular Volume and MI). 

(The whole material). 

out by Had E\' (1) and Wintrobe (3.5). Any dehydration as 
assumed bjr Jollv, is not apparent (normal haematocril values). 

Capps is the first to point out a third argument as to why 
osmotic disturbances can not be the cause: He argues that if the 
blood cells increase in size because the} r absorb water, then the 
haemoglobin concentration in each blood cell would have to de- 
crease. There must be a negative correlation between the AID and 
DICC. Fig. 26 shows that there is no such negative correlation in 
my material in those patients who do not suffer from anaemia. 
Finally, fig. 27 shows, admittedly in a small number of cases, that 
some samples have increased MD and a simultaneous increase 
in mean corpuscular haemoglobin (MCH) beyond the upper 
border value 30. 10' 12 . The regression coefficient of this diagram 
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Fig. 26: Corresponding values for MD and Mean Corpuscular Haemoglobin 
Concentration in patients with hepatitis without anaemia. 


is -f- 0.08 and thereby shows a very slight tendency to an increase 
in MCH with increasing MD. Large blood cells, which contain more 
haemoglobin than normal, can not be a result of osmotic distur- 
bances, so this also disagree with the theory that the causes 
are disturbances in the peripheral blood. 
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These arguments definitely conflict with any theory asser- 
ting that the already circulating blood cells swell and increase 
in size in hepatitis. Consequently, the increase in the mean dia- 
meter of the blood cells must be due to new blood cells being 
produced in the bone marrow, and the increase in MD must, be 
caused by a change in the erythropoiesis. But before this view 
can finally be accepted, one will have to explain the rapid changes 
in MD observed by previous authors. 


How rapidly does macrocytosis appear and disappear? 

As mentioned in the introduction, the main argument for the 
theory of the peripheral causes is that the changes in MD appear 
so rapidly that any other explanation is impossible. In order to 
get an impression of how rapidly the changes take place, we may 
examine the MD in the 15 patients with acute hepatitis who have 
been under observation during the whole course of the disease 
(fig. 28 A). The average decrease in MD is 0.7 my to 1.0 my over 
a period of 30 to 50 days. The regression coefficient of the dia- 
gram is — 0.014 my. This figure conforms well with the corres- 
ponding values from Mogensen (0.0166 and 0.026) and C. Gram 
(0.007 and 0.0103). On page 108 is shown that variations in 
MD over 0.20 my can not be regarded as being due to technical 
errors. This border value is surpassed in 14 days. 

Mogensen mentions that the standard deviation is normal 
in his cases, and assumes therefore that all blood cells change 
to the same extent. But then the life-time of the blood cells must 
be 14 days or approximately 1/8 of the life-span usually regarded 
as correct. And since these patients do not show the usual signs 
of an increased regeneration as polycliromasia, reticulocytosis or 
nucleated red blood cells in the peripheral blood, there is no rea- 
son to assume that the life-time is shortened in such a way. 

The point at issue is that these patients have a normal standard 
deviation. But out of 6 of Mogensen’s patients with hepatitis 
one patient only had a value for s lower than 0.50 my, and one 
of his patients had s : 0.53 my which is his border value for normal 
values. 

Fig. 28 B shows the standard deviations for my patients with 
acute hepatitis. The diagram shows that the standard deviation 




10 20 30 40 50 60 DAYS 


Fig. 28: The size of the red blood cells during the healing of acute hepatitis. 
A: The gradual reduction in MD. B: The gradual reduction in s. C: The 
gradual reduction in the skewnes of the frequency curves, measured by the 
difference between the mode and the mean. 
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is definitely too high when MD is at its highest, the greater number 
of the values being higher than 0.53 my. When the disease re- 
cedes and MD becomes normal, then s also decreases, but not 
with the same rapidity as MD. 

In fig. 28 C the corresponding values for the skewnes of the 
curves, measured by the difference between the mean diameter 
and the mode are gathered. It is obvious that the curves are 
skew when MD is increased, and that they become symmetrical, 
or nearly symmetrical when MD becomes normal. 

Diagram 29 gives all corresponding values of MD and s 
in the whole material. Both in the groups acute hepatitis and 
chronic hepatitis a large number of curves is found with normal 
values for MD, below 8.35 my. But only a small number of curves 
have a normal s, lower than 0.50 my. Even if we choose the border 
for a normal s to be 0.53 my, the standard deviation of the greater 
number of the curves is pathological. 

These simultaneous increases in the standard deviation and 
the mean diameter cancels the argument of Mogensen. When the 
standard deviation increases and the curve becomes skew, then 


the increase in MD may be due to a group of new large blood cells 
appearing and mixing with those already circulating in the blood. 
The increase in MD is then no longer dependent only upon the 
number, but also on the size of these new blood cells. If the dif- 
ference in size is sufficiently great, then a comparatively small 
number of new blood cells will draw the mean of the whole popula- 
tion upwards, and may thus explain the increase in MD. That this 
is what really occurs in liver disease has already been suggested by 
C. Gram in 1883, and again by Hammarsten & Stahle in 1943. 
A similar cause for macrocytosis has been found in other condi- 
tions by Rosenquist and Sjowall. 

The present data may therefore indicate that the increase in 
the mean diameter is due to large new blood cells entering the 
peripheral blood, and it is natural to assume that these new blood 


cells orginate in the bone marrow. 

Another possibility, suggested by Barcroft, Kracke, and 
Lange, that the large blood cells originate from the spleen or 
other peripheral blood depots need not be considered. In ^ ie 
case of chronic hepatitis the macrocytosis may last for weeks and 
months, and one must assume that such depots would be emptied 
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rapidly. Neither can one assume that the increase is caused by 
reticulocytes of large size which do not mature and decrease in 
size in the peripheral blood (Plum). The highest value observed 
for reticulocytes in my material is 1.4 %, and it will be shown that 
their number is insufficient to explain the increase in MD. 


Resume of Chapter IX. 

In experiment no. 19, blood cells from a normal person were 
mixed with icteric plasma. It is shown that this results in an 
increase in the diameter of the blood cells, but that this in- 
creaseis an artefact. 

In experiment no. 20, normal blood cells were mixed with hypo- 
tonic salt-solutions. The corpuscular volume of the blood cells 
increased without a simultaneous increase in MD. 

The possibility that the increase in MD might be caused by 
osmotic changes in the peripheral blood is discussed. It is shown 
that this explanation of the phenomenon does not agree with the 
present facts. 

It is shown that an increase in MD is followed by a simultaneous 
increase in the standard deviation of the frequency curves, and 
that the frequency curves become skew (fig. 28). This; together 
with the lack in signs of any increased regeneration, makes it prob- 
able that the increase in MD is due to new, and considerably larger 
blood cells than normal originating from the bone marrow, and 
that this is the explanation of the increase in the mean diameter 
of the blood cells observed in liver diseases. 



CHAPTER X. 


The cause of macrocytosis in liver diseases. 
The theories of «the central disturbances 

The population is heterogeneous and consists of 
two components. 

In Hie previous chapter it was shown that the macrocytosis in 
liver diseases hardly is caused by disturbances in the peripheral 
blood. It was shown that the rapid variation in MD may best 
be explained by presuming that the blood cell population is hetero- 
geneous and consists of normal blood cells and a new type of 
large blood cells, added from the bone marrow. 

If this assumption is correct, then the blood cell population 
must consist of at least two components, one of which is nor- 
mal. If we further assume, as a working hypothesis, that the 
other component consist of cells, also of a fixed size, then the 
i\ID of the total population will be determined by the number 
of pathological cells which at any time arc present in the blood. 
The highest value of HD will be. obtained when there are only 
pathological cells in the peripheral blood. 

Mogensen has shown in a convincing way that there is such 
a heterogenity in pernicious anaemia, and Tottermann finds 
a similar heterogeneous population in bolhrioccphalus anaemia. 
The cells of the pathological component arc, in both cases, distrib- 
uted normally around their mean, with a standard deviation of 
approximately normal size. If we assume that similar conditions 
are present in liver disease, then a population which only consists 
of pathological large cells has a normal standard deviation. In 
the present material we have 25 samples with increased MD and 
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simultaneously normal standard deviation (MD over 8.35 my 
s lower than 0.53 my). The mean diameter of these 25 samples 
is 8.56 ± 0.19 my. If we assume that these 25 samples only consist 
of macrocytes, then the diameter of the macrocytes should be 
approximately 8.56 my or about 0.75 my larger than the normal 
blood cells. 

On page 85 the analysis of the frequency curves in this 
material according to Mogensen’s method is described. It was 
possible by means of his method to split 113 curves into two com- 
ponents, and the distance between the diameters of the two com- 
ponents was on an average 0.85 my. It may be worth while 
to stress that we here, in two different ways, arrive at nearly 
the same value for the mean diameter of the possible pathological 
component. 

The standard deviation of a heterogeneous curve is determined 
by the standard deviation of the individual components, by the 
number of frequencies in each component, and by the distance 
between the mean diameters of the two components. The greatest 
standard deviation in a heterogeneous curve is observed when 
the two components are of equal size (see fig. 16). A heterogene- 
ous curve consisting of two normal curves with s = 0.50 my, 
with equal number of frequencies, and where the distance 
between the mean diameters of the two components is 0.75 my 
will have a standard deviation = 0.68 my. This is therefore the 
upper _ border value for s if the reasoning is correct. Fig. 29 
shows that this border value was exceeded only by 20 out of 
342 pathological curves or in 5.8 %. The highest value obser- 
ved for s is 0.80 my. This is in contrast to my curves for untreated 
pernicious anaemia where s goes up to 1.16 my and only in one 
case is lower than 0.80 my (see table 40). 

It may therefore be justifiable to advance the following 


Working hypotesis: 

The macrocytosis in liver diseases is caused by the blood cell 
population being heterogeneous. The population consists oj boo 
distinct components, each with its characteristic mean diameter. 
The distribution around the mean of each component is normal 
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and has a normal standard deviation. One component consists 
of normal blood cells. 

This working hypothesis may be tested by trying to analyse 
the observed frequency curves as described in Chapter VI. 


The final analysis of the frequency curves. 

The present material contains altogether 412 frequency curves 

from patients with liver diseases. 

70 of these curves had a normal MD, a noi'mal s, and satis- 
factory concordance with the normal curve by f analysis. These 
70 curves were therefore regarded as normal. In the case of the 
other curves an analysis was attempted. 

When m 0 is determined by my method, the curves are 
compared with the models in fig. 18. When the asymmetry of 
the curve is slight, there may be a doubt as to which of the two 
components is the main component. In these cases both possi- 
bilities were tried. We then obtained two solutions. By compari- 
son with the other curves from the patient, it was usually obvious 
which solution was the correct one. In cases of doubt, a new blood 
film taken just before or just after the doubtful sample was stained, 
and the question was answered by following the patient more 
closely in the doubtful period. None of the curves were rejected, 
but those curves which have two solutions arc in table 46 marked 
with a line under the figure for MD. This concerns altogether 39 
curves, or 9.5 % of the total material. 

In 8 cases it was impossible to decompose the curves, in spite 
of their being definitely pathological. The probable composition 
of the curves was 'determined by comparing them with fig. 18. 
These samples are in table 46 marked with «graphic». 

The result of the analysis may then be summed up thus: 

Successful analysis with 1 solution 295 curves 71.5 % 

Successful analysis with 2 solutions .... 39 » 9.5 % 


Normal curves, not heterogeneous 70 » 17.0 % 

Successful analysis 404 curves 98.0 % 

Unsuccessful analysis 8 » 2.0 % 


412 curves 100 % 
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The result of the analysis is given in table 46. We have here 
introduced the following terms: 

The characteristics of the component which lies to the left 
in the curve has the affix i (left), thus: rrq — s, — Nj. 

The characteristics of the component which lies to the right, 
and which consist of large blood cells, have the affix r (right), 
thus : m r — s r — N r . 

Where the largest component, irrespective of cell-size, is con- 
cerned the affix 0 is used, thus: m 0 — s 0 — N 0 . 

The characteristics referring to all frequencies have no affix. 

The satisfactory result of the analysis shown in table 46 is 
not in itself any proof that the blood cell population really is built 
up by two distinct groups. The Whole analysis is based on the deter- 
mination of m 0 — and the method for the determination of m 0 
is based upon the assumption that the population consists of two 
components. The proofs, that the analysis reflects true conditions, 
must be searched for in circumstances independent of the working 
hypothesis. 

Conditions confirming the heterogene ty 
of the population, 

A: One component consists of normal blood cells. 

This is a condition in the working hypothesis. But then the 
observed mean diameters for the cells of this component must 
not deviate significantly from the mean diameters in normal per- 
sons. Table 46 show's that 

the average value for nij is: • 

Group: Hepatitis acuta 7.93 ± 0.21 my (15 pas.) 

Hepatitis chronica 7.91 ± 0.37 my (24 pas.) 

Cholecystitis 7.86 ± 0.25 my (6 P aSi ) 

Group: Normals (table 33) 7.79 ± 0.25 my 

Variance ratio g^gj is 1.51, which is no i significant 

within groups 



P,: The pathological component has a fixed mean diameter. 

It is assumed in the hypothesis llial the macrocvlosis is 
duo to a new class of large blood cells which originate in the 
hone marrow. This class of new blood cells should therefore 
have a definite mean diameter. 

The average value for m r is: 


Group: Hepatitis acuta S.G5 ± 0.20 my (15 pas.) 

Hepatitis chronica 8.58 ± 0.50 my (24 pas.) 

Cholecystitis 8.63 ± 0.12 my (6 pas.) 


The variance ratio 


between groups 


within groups 


- is 6.3*, somewhat poorer 


than in the preceding case, but not even here significant. 


C: The curves show a satisfactory concordance 
with the theoretical curves. 

We can by y~ analysis, determine whether the form of the curves 
is in concordance with the theoretical curves. All the found fre- 
quency curves which could be decomposed into 2 components were 
therefore compared with the corresponding theoretical curves in 
fig. 18. The y} analysis was carried out by means of the graphic 
method described on page 100, Using 8 variate classes in all curves. 
The working hypothesis and the technique of the analysis intro- 
duces 5 constraints in the method: 

1) that MD — m 0 is the same as in the model curves in fig. 18. 

2) Hint N 0 is the same as in the corresponding model curve. 

3) that the fr quencies in the main component are normally dis- 
tributed around m 0 . 

•1) that those frequencies which do not belong to the main com- 
ponent are gathered on one side of m 0 . 

5) that N, -f N r is 100 %. 

We have therefore 8—5 = 3 degrees of freedom. The found 
Nalucs for y-, altogether 33d, ought be distributed in concor- 
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Fig. 30: ^-analysis. The concordance between observed frequency curves 
and the theoretical populations. Histogram: Observed values of P. Curve: 
Expected distribution of P. Number of curves examined: 334. 

dance with the theoretical distribution of r for 3 degrees of 
freedom. Fig. 30 shows that there is a very good concordance 
between the found and expected values. 


D: The number of pathological blood cells varies continuously. 

Table 46 shows that such a regular variation really does occur. 
By way of illustration the observed curves for 3 patients wi i 
acute hepatitis and one patient with chronic hepatitis are gi 
in fig. 31. In each curve the normal curve of the main compo 
nent and the frequency curve of the bi-component as ^PP e ® 
when the frequencies of the main component are su 
from the frequency sum is drawn in. 
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Fig. 31: Observed frequency curves, with Ihc relative strength of the two 
components, during the course of acute hepatitis (ease no. 7, C, and 4) and 
chronic hepatitis (case no. *15). Data from table 1G. 

Fig. 31 shows Hull in acule hepatitis the right hand 
component decreases whereas Lite left hand component increases 
and finally becomes dominant. In chronic hepatitis the relative 
strength of the two components varies around the 50 % level 
during the whole observation-time. Fig. 31 further shows no diffe- 
rence in the form of the curves in untreated acule hepatitis and 
in chronic hepatitis such as presumed by IIammarsten (1). But the 
abnormal heterogeneous curve appears for a long time in chronic 
hepatitis, whereas in cases of acute hepatitis, it only appears 
at the climax of the disease. Hammarsten endow the form of 
the curve villi prognostic value in cases of hepatitis. Fig. 31 
shows that the curve is abnormal as long as the population 
is heterogeneous, and thereby indicates a disturbance in the 
erythropoiesis. 

The conditions mentioned under point A — D show that the 
analysis of the curves reflects real conditions. Regularity, as shown 


10 
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in fig. 31, and which according to table 46 appears in all patients 
and a concordance with the theoretical distribution as good as 
that shown in fig. 30 can not be due only to chance. 

Do the large blood cells originate in the bone marrow? Tsvo 
other possibilities might be considered. Firstly, that the blood cells 
in this new group may be of normal size but may be coloured 
differently. If they were more polychromatic they would be 
more blue, and would then, according to experiments nos. 9—11, 
appear larger. But this possibility is excluded since all photo- 
graphs have been taken with a yellow filter. The change in size 
caused by a difference in colour is approximately 0.3 my, whereas 
the difference between the two classes of blood cells is 0.75 
to 1.00 my. 

One might think that the size of the blood cells is normal, hut 
that their surface tension has been reduced in such a way that 
they are flattened out during the spreading of the film, thereby 
showing a larger diameter (Gunther (2)). 

If this takes place, one might expect the pathological 
blood cells to be stretched ous in the lengthwise direction of the 
blood film (experiment no. 16). 5 preparations, which according 
to the analysis should consist mainly of macrocytes, were meas- 
ured along and across the direction of the film. The difference in 
MD observed in the two directions was 0.192 T; 0.07 my, or very 
nearly the same difference which was observed when measuring 
the normal blood films. The obvious anisocytosis and the prob- 
able heterogenity of the blood cells has further been reported by 
investigators who undertook the measurements in wet prepara- 
tions where this error can not occur (C. Gram, Hammarsten & 
Stahle). 


Other differences between macrocytes and normocytes. 


Mean thickness. 

In chapter VIII it is mentioned that the patients in this maleiial 
had no increase in the corpuscular volume. But if the diameter 
increases without a simultaneous increase in the volume, then 
the thickness of the blood cells must decrease. The mean thick- 
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Fig. 32: Corresponding values for the mean corpuscular thickness and per- 
centage of normocytes in cases of hepatitis. Stippled line: Expected decrease 
in MT. Drawn line: The correlation line of the diagram. 


ness of the blood cells, MT, is usually calculated according to the 
formula : 


MT = 


corp. vol. 



regarding the blood cell as a cylinder, and disregarding that it is 
biconcave. MT is therefore dependent upon the accuracy in the 
determination of the mean diameter, the haematocrit deter- 
mination, and upon the red cell count. Errors in all these 
determinations ■will add together and make the value of MT 
very uncertain. But in a large number of observations one 
might expect that the mean values would be comparatively 
accurate. The uncertainty of the determination will be expressed 
by a great variation around the mean. According to table 33 
the mean corpuscular volume is 80 cub. my and MD 7.8 my in 
my material. The average value for MT should therefore in 
normal persons be 1.68 my. 

The average diameter of the pathological large blood cells is 
8.61 my. Since the volume is not increased, the corpuscular volume 
vj]l still be 80 cub. my and the MT for these cells should therefore 
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Fig. 33: Corresponding values for red cell fragility and percentage of normo- 
cytes in each sample, o : Beginning of haemolysis. . : Total haem > 
(Normal values from table 33). 


be 1.38 my. When, therefore, the number of pathological large 
blood cells increases from 0 % to 100 %, MT ought to ecrea 

from 1.68 my to 1.38 my. winded 

Figure 32 shows MT in my material of hepatitis distn 

according to the number, in % of normal erythrocytes in * 
sample. The. stippled line represents the expected decrease ' 
from 1.68 my to 1.38 my. The fully drawn line is the re B 
line of the diagram which shows a decrease as expecte . 
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Red cell fragility. 

Meulengracht, Chauffard, Geie and Rietti mention that, 
the red cell fragility increases in jaundice. Davidson & Gulland 
find the same in pernicious anaemia, and Stephens mentions 
that immature cells are less fragile than mature cells. 

In my material red-cell fragility has been determined 49 limes 
simultaneously with the determination of MD. In fig. 33 the 
values are marked in together with the percentage of normal blood 
cells in each sample. The diagram shows that the regression line 
for the beginning of haemolysis (marked with ° ) is horizontal. There 
is, however, a definite correlation between the amount of normal 
blood cells in the. sample and the value for total haemolysis 
(marked with . )• 

The explanation may he that there are always some normal 
blood cells in the blood from persons suffering from liver disease. 
These cells will have a normal fragility, and the haemolysis will 
therefore start at normal values. But the pathological, large 
blood cells have a higher resistance against hypotonic salt solu- 
tions, and the greater their number, the more difficult it is to 
obtain total haemolysis. 


The regeneration of normocytes in acute hepatitis 
compared with regeneration of erythrocytes 
in pernicious anaemia. 

The main argument for the theory that the macrocylosis is 
caused by disturbances in the peripheral blood was that MD 
changed so rapidly that any other explanation was impossible 
(chapter IX, fig. 28). In this chapter it is shown that the increase 
in MD is caused by the appearance of a new type of blood cell. 
It is the number of these large blood cells, macrocytes, in each 
sample which mainly determines the size of the MD. In table 46 
is gi\ cn, in percentage, the contents of macrocytes in the indivi- 
dual samples, as given by the analysis. But when a patient is 
followed with examinations through a longer period, the total 
number of erythrocytes, and thereby also the number of macrocytes, 
may vary. We have therefore, in the following, calculated the 



150 



Fig. 34 : Rise in number of normocytes during the time of observation. Acute 

hepatitis. Case 1 — 15. 


number of normocytes in millions per mm 3 for each sample, and 
these values are utilized when nothing else is mentioned. 

72 observations in all, from the 15 patients with acute hepati- 
tis who were observed during the whole course of the disease, are 
given in diagram fig. 34. These patients have tire highest value 
for MD, and therefore the lowest number of normocytes, just 
after admission in hospital. From then on the number of normal 
blood cells increases with approximately the same speed in all 
patients, except in patient no. 15 who developed a considerable 
anaemia. The diagram further gives the impression, which also 
is confirmed by calculations, that the increase is not linear. The 
rate of increase is most rapid during the first period of the disease 
and then decreases gradually. 

The diagram expresses how rapidly normal blood cells are 
added to the peripheral blood during the healing of acute hepa- 
titis or, in other words, gives an expression for the regeneration 
of the normocytes. Does this regeneration in acute hepatitis occur 
with normal speed? In order to answer this question we need 
a material for comparison, where the rapidity of regeneration of 
the red blood cells is known. Such a material is available in un- 
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Fig. 35: Rise in number of erythrocytes in 15 eases of pernicious anaemia 

during specific treatment. 


treated cases of pernicious anaemia. When these patients receive 
adequate treatment, the rapidity of regeneration is shown by the 
increase in the red blood cell count, and the beginning of the re- 
generation can he timed to the moment when the therapy starts. 
In the reticulocyte crisis we have a control for the efficiency of 
the treatment. 


The palienls who today arc admitted to hospitals with pernicious 
anaemia often suffers from complicating diseases. Uncomplicated cases arc 
usually treated as ambulatory cases. In order to obtain as pure a material 
as possible, palienls who had been treated in the first years of liver therapy, 
from 1927 to 1932, were chosen. 15 patients were selected from the case 
reports of flic University Hospital, Med. Dept. A from this period. It was 
emphasized that the disease should he quite typical, and that the therapy 
had a maximum effect when judged hv Urn reticulocyte count. For this 
evaluation I used tables by Riddle and Isaacs & Fiuedman, given by 
I-Jaden (8). Furthermore, patients were chosen, whose sex, age, and initial 
blood cell count were as close to those of my patients as possible. We 
have thus made a selection of patients. 

Daily blood counts were taken of these patients during the first 
period of treatment. During the later course of the disease the blood 
counts were less frequent. There will therefore be a greater number of counts 
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of the lower values than of the higher. This will, in the statistical treat- 
incut, «\vcigh» the curves when the regeneration is curvilinear. To avoid 
this, only approximately one Wood count per week was used. The period 
of observation was from the beginning of the treatment until the 
maximum effect of the first liver doses was attained. 

Fig. 35 indicates Lite increase in the number of red blood cells 
for these 15 patients, in the same way as for the cases of hepatitis 
in fig. 34. It is apparent that the increase in the total number of 
red cells in pernicious anaemia occurs with approximately the same 
speed as the increase of normocytes in acute hepatitis. Fig. 35 
shows further, that the regeneration is not linear, 'but seem- 
ingly of the same type as that in hepatitis. 

That the regeneration of red cells in pernicious anaemia is 
not linear is a well known fact. .Since 1930 it has been known that 
the regeneration of erythrocytes in pernicious anaemia follows the 
formula for mono-molecular autocatalylic reactions, or the formula 
for biologic growth.' 


The biologic growth formula. 

Robertson showed in 1923 that all growth which can he 
measured follows the equation which applies to autocatalylic 
mono-molecular reactions : 



where: 

a is the limit value of the growth. 

x is the growth until the time t. 

tj is the moment when x = % a. 

K is a constant, specific for each kind of growth. 

This equation applies to the growth of bacteria in cultures, 
to the growth of humans, animals and plants, to the regeneration 
of damaged tissues, and to a number of other forms of growti 
(ref. Wetzel for a survey). Riddle showed in 1930 that the equa 
tion also applies to the regeneration of red blood cells in the treat 
ment of pernicious anaemia, and it has later been shown that 
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equation also applies to the regeneration of both blood cells and hae- 
moglobin in other anaemias (Schiodt (2.4) H. C. Gram (2) Gjerd- 
so,°Sturgis & Isaacs). IC varies in each type of regeneration. 
In the case of pernicious anaemia, it was calculated by Riddle 
to be 18.5 days and by Schiodt to be 16 days. 

In order to apply the formula to the present material, we first 
have to find K. It is then convenient to write equation (1) in 
a slightly different way: 

(^r) = K ' <*-*> (2) 

taking the time as the independent variable. 

Equation (2) is the equation of a straight line of the form 

y = K' x 

The average value for the red blood cell count in my material 
of acute hepatitis is 4.6 mill. pr. mm 3 . We therefore choose a = 
4.6 mill, and % a = 2.3 mill., which is taken as the zero point 
on the Y-axis. 

To determine t x we lake advantage of Lhe fact, shown in fig. 
34 — 35, that the increase in the number of red cells seems to be 
linear in the central part of the curves. For each of the 15 patients 
with acute hepatitis, and for each of the 15 patients with pernicious 
anaemia, the linear regression for the data in fig. 34 and fig. 35 was 
calculated. The day when the number of cells was 2.3 mill, might 
then he found, and this day was in each case taken as tj. The 

linear regression for corresponding values of (t — G) and log 

according to equation (2) was then calculated. Finally il was 
controlled graphically that the regression line passed through 
the point G/2.3 mill. The regression coefficient found in the 
last set of calculations is an expression of K\ 

It was now found that the regression coefficients for the 15 
cases of acute hepatitis and for the 15 cases of pernicious anaemia 
were nearly identical, both concerning the linear regression and 
concerning the logarithmic curve in equation (2). 
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For the linear regression, the coefficients were: 

For acute hepatitis 0.122 ± 0.038 
For pernicious anaemia 0.110 i 0.024 

and for the logarithmic curves (equation (2). 

For acute hepatitis 0.063 0.018 

For pernicious anaemia 0.049 i 0.013 

In neither of the two series is there a significant difference 
between the value obtained for acute hepatitis or pernicious 
anaemia, the variance ratio being respectively 1.07 and 2.36*. 
Accordingly, it seems reasonable to assume that the speed of re- 
generation is the same both when it concerns the formation of 
normocytes in acute hepatitis and the formation of red blood cells 
in pernicious anaemia. 

The regression coefficient for the logarithmic curves in equation 

(2) is a measure of K'. As K' — — it follows that K in equation 

(1) will average 15.8 days in the cases of acute hepatitis, and 
20.6 days in the cases of pernicious anaemia, or very close to the 
value previously found by Riddle (18.5 days). 


Is the regeneration oj normocytes adequately expressed 
by the biologic growth formula? 

In order to answer this question all observed values in fig. 34, 
in all 72 observations, were grouped in classes, with class-intervals 
of one day, reckoned from t x = 0. The total variance of this values 
may be divided into one part due to the regression of the number 
of cells on time, a part expressing the deviation from the regression 
line, and a residual. This last residual expresses the variance within 
each class. If the variance between classes, after regression on time 
is eliminated, differs significantly from the variance within classes, 
then the regression line found does not.give a correct expression for 
the regression of number of blood cells on time (cfr. Bonniek & 
Tedin pg. 190). 
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TABLE 39. 

Analysis of variance of data in fig. 34 and 35. 


Item 

Degrees of 
freedom 

Variance J 

Variance 

ratio 

The linear regression: 


! 

1 


Regression 

1 

9-1.211 


Deviation from regression . 

36 

0.318 

i 

\ 3.70*** 

Residual 

3-1 

0.0S6 i 

1 

Total 

71 

1.529 

i 


The biologic growth formula: 




Regression 

1 

25.693 


Deviation from regression . 

36 

O.OS-t 

| 

j 1.15 

Residual 

31 

0.05S 

i 

1 

Total ! 

71 

' 0.-132 



The present data were analysed accordingly (table 39). 

In the case of the equation for the linear regression the variance 
ratio is significant. The analysis thus shows that the increase in 
normocytes in acute hepatitis is certainly not linear. 

In the case of the logarithmic curve for biological growth the 
corresponding variance ratio is not significant. The conclusion 
must be thnl Robertson’s formula for growth, with K — J5.S dags, 
in a satisfactory way expresses the rise, in normocytes in acute hepatitis. 

This is also shown in fig. 3G where the growth curves calculated 
according to equation (1) are drawn. The values observed from fig. 
34 and 35 are marked in, and fall, as expected, very nicely around 
the curve. 

This analysis shows the rate of production of normocytes during 
the recovery period of acute hepatitis. The reverse condition, 
the decrease in normocytes and production of macrocytes during 
the development of the disease, can not be shown by means of the 
material at hand. The greater number of patients had the highest 
observed value for MD, and consequently the largest proportion 
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of macrocytes shortly after admission. The appearance of macro- 
cytosis must therefore have occured prior to admission to hospital 

The results of the analysis of the frequency curves, together 
with the arguments put forward pg. 128—137, point definitely 
to the cause of the macrocytosis being a changed erythropoiesis, 
and not any condition in the peripheral blood. 

The rise in MD will be determined by the number of patholo- 
gical, large, blood cells which at any given moment circulate in 
the blood stream. But the speed with which these pathological 
cells are produced by the bone marrow, and are passed into the 
blood-stream, will be determined by the rate of destruction of 
the already circulating cells. As these patients do not have any 
severe anaemia, and as there is no indication of increased cell 
production, one may assume that the destruction of the already 
circulating cells occurs with normal speed. 

In acute hepatitis, the value for MD goes from the highest 
observed values to normal values in approximately 20 days (see 
table 46 and fig. 28). The time interval from the day when, according 
to the case-reports, the patients observed the first symptoms of 
the disease, until the maximum value for MD is observed, average 
17 days. Considering the inaccuracy of the information given by 
patients, and considering that the measurements have been done 
approximately once a week, this must be considered a satisfactory 
concordance. I therefore presume that the macrocytes appear 
and disappear in the peripheral blood with approximately the 
same speed. But for this to be true, it is also necessary to assume 
that the development of macrocytosis may start prior to jaundice 
being observed by the patient. 

It has thus been shown that the decrease in MD observed 
in acute hepatitis is due to production of normocytes which re- 
place the pathological large blood cells circulating in the blood at 
the height of the disease. This production of normocytes occuis 
with the same speed as that with which erythrocytes are produced 
in pernicous anaemia treated with liver extract. Probably, but not 
certainly, the macrocytes are produced with the same speed. 
But then the main argument for the theory of the peripheral cause 
of the macrocytosis in liver diseases is cancelled. For there can 
be no doubt that the changes seen in pernicious anaemia is caused 
by a changed erythropoiesis. 
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Fig. 36: The biologic growth formula. 



lo ZO 30 40 50 60 70 

DAYS 

Acute hepatitis. Case 1 — 15. Rise in number of normocytes during the time 


of observation. 



Pernicious anaemia. 15 cases. Rise in number of erythrocytes during specific 

treatment. 
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The lije-time of the red blood cells. 

The life-time of the led blood cells has been determined by 
different methods. The results vary from 30 days (Derkers) 
60—90 days (Schiodt) to about 120 days (Callender & Nickel, 
Wintrobe, Whitby Sc Britton, Owren, Schrumpf) according to 
the method used. The last value is probably correct. In certain 
pathological conditions, particularly in haemolytic jaundice, the 
life-time is considerably shortened, to approximately 4 to 6 days 
(Kierkegaard & Kierkegaard) or 10—12 days (Owren). But 
in such cases one always has signs of an increased regeneration as 
reticulocytosis, polycliromasia and appearance of nucleated red 
blood cells in the peripheral blood. 

Sghigdt has also attempted to determine the life-time of the 
blood cells by means of the biological equation of growth. If 
the formula: 

t — t x = 15.8 log 

is used as a basis, x will increase from 0.1 to 5 millions during 
55 — 60 days. But it is hardly justifiable to use the formula in 
this way. The formula shows that the regeneration speed 
decreases when the values approach normal values. Therefore, 
where the blood cell count is normal or very nearly normal, the 
biological equation of growth will not give a correct expression of 
the regeneration. The 55 — 60 days, which is calculated from the 
equation, is only the maximum regeneration speed possible in 
pernicious anaemia and in liver diseases. It will later be shown 
(chapter XII) that in the present material the regeneration never 
surpasses this maximum. 


a— x ) 


Resume of Chapter X. 

Based on the results in chapter IX, the working hypothesis 
that the blood cell population in hepatitis is heterogeneous and 
consists of two components is introduced. By analysis of the 
frequency curves, according to the method described in Chapter 
VI, it is shown that the blood cell populations in liver diseases 
consist of two distinct components: One component of norma 
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erythrocytes with MD: 7.8 my, and one component consisting of 
blood cells with an average diameter of 8.6 my. These large blood 
cells are thinner than the normal erythrocytes, and are more resist- 
ant against hypotonic salt solutions. 

It is shown that the pathological frequency curves have a 
satisfactory concordance with the corresponding theoretical curves 
when measured by y 2 analysis. The relative strength of the 
two components varies in a regular way. The regeneration speed 
of the normocytes in acute hepatitis compared with the re- 
generation speed of erythrocytes in pernicious anaemia is in 
both cases the same. It is shown that a very good expression 
for the regeneration in both cases is a curve expressed by the 
equation for monomolecular autocatalytic reactions, also called the 
equation for biological growth, as given by Robertson in 1923. 



CHAPTER XI. 


The red blood cell diameter in 
pernicious anaemia. 

The population consists of at least three components. 

In the introduction it was mentioned that a number of authors 
were of the opinion that the macrocytosis in liver diseases is iden- 
tical with that observed in pernicious anaemia. 

But there are still considerable differences between the two 
conditions. In chapter VIII it is shown that the macrocytosis in 
liver diseases never is accompanied by an increase in the corpus- 
cular volume. In pernicious anaemia, the corpuscular volume is 
regularly increased beyond the upper 'normal limit. (Had f.n, 
Osgood, Haskin & Trotman, NVintrobe). 

Fig. 13, page 83, shows that the curves in cases of untreated 
pernicious anaemia have a completely different appearance com- 
pared with the curves from patients with liver diseases. In perni- 
cious anaemia the curves are considerably broader, with a much 
higher value for s. This has previously been shown by Price 
Jones, Mogensen, Daland, Heath & Minot and others. In 
this respect pernicious anaemia differs from all other diseases. 

In fig. 37, left, 5 frequency curves are given from patients with 
untreated pernicious anaemia. To the right are given (lie fre- 
quency curves from the same patients when in partial remission, 
27 — 50 daj 7 s after the treatment had commenced, and M 30 
days after the finished reticulocyte-crisis. Tlie.se curves v»ere 
analysed in the same way as described before. 

m 0 was determined both according to my method, and according 
to Mogensen’s method, and gave in most cases concordant results. 
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Fig. 37: Frequency curves from five cases o[ pernicious anaemia. 
Left: Untreated. Right: In partial remission. 


Wherever a difference in the value of m 0 appeared, the value 
obtained by my method was used. The result of the curve-analysis, 
together with the results from 5 additional patients, are given in 
table 40. 

When one compares the curves from untreated pernicious anae- 
mia in fig. 13 and fig. 37, with curves from patients with hepatitis, 
as shown in fig. 31, the two sets of curves seem to be entirely 
different. But when the patients with pernicious anaemia are in 
partial remission, their frequency curves, as shown by fig. 37, 
can no longer by mere inspection be distinguished from the curves 
observed in hepatitis. This is also 'borne out by r the analysis of 
the curves (table 41). Whereas the frequency curves in hepatitis 
can be divided only into two components, the curves from cases of 
untreated pernicious anaemia consist of at least three components. 

li 




Pernicious anaemia. Untreated. 
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Totlermann, mean values. 

8.42 0.88 7.23 0.76 18.3 / 8.67 0.68 81.7 



Pernicious anaemia. Partial remission. 
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In tlie available literature, I have found two authors who 
discuss the analysis of frequency curves. Mogensen has 
carried out the analysis in 16 cases of untreated pernicious 
anaemia, and in 7 cases of pernicious anaemia in partial remission 
Tottermann has carried out similar analysis in 5 cases of bothrio- 
ceplialus-anaemia. The mean values of these two authors are 
also given in table 40. Mogensen utilizes Price Jones’ original 
method and his normal value for MD is 7.2 my. In order to obtain 
comparable values his values for MD must therefore be adjusted 
by adding 0.60 my (see chapter V). Tottermann has a normal 
value: 7.486 my, and his values for MD must therefore be increased 
by 0.30 my in order to be compared with my values. 

Tottermann utilizes a slightly different technique, and his 
method for analysing the curves is also somewhat different. 
His results may, therefore, only to a certain extent be compared 
with the results of Mogensen and the author. 

A comparison of Mogensens results and those of the author 
gives rise to important conclusions: 

The central component in pernicious anaemia has in my material 
an average mean : 8.78 my. Mogensen has the same value after the 
correction has been applied. This value lies very close to the one 
found for the right hand component in acute hepatitis, 8.65 my. 
Whereas this component in the cases of hepatitis always has a nor- 
mal standard deviation, s is significantly increased in 9 of my 
10 cases of pernicious anaemia. The mean diameter of this com- 
ponent does not change when the patients receive specific treat- 
ment, but s decreases to normal values. There is no statistical 
difference between Mogensen’s and my values for m 0 in un- 
treated pernicious anaemia (variance ratio 6.09) or in pernicious 
anaemia in partial remission (variance ratio 1.82). Neither is there 
any difference between m 0 in my untreated and treated cases 
(variance ratio 2.24*) or between m 0 in my cases of untreated 
pernicious anaemia and my values for m r in hepatitis (variance 
ratio 3.27). 

The left hand component in pernicious anaemia has in my material 
an average mean : 7.38 my. Mogensen’s value is considerably 
lower. This is partly due to the fact that we use different methods 
for the determination of m 0 , and partly because 1 Mogensen in 
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the curve analysis introduces the demand that «the main com- 
ponent must he as extensive as possible)). I have not been able 
to accept this demand, because I am of the opinion that one thereby 
introduce an unjustified constraint in the method. But this leads 
to the result that Mogensen’s main component must be larger, 
and that his secondary components must contain fewer frequencies 
than my secondary components. 

My value for m in this component, 7.38 my, is definitely 
lower than the corresponding left hand, and normal, component 
in acute hepatitis which was 7.93 my. The variance ratio 
between this group and my normal values from table 33 is 7.19**, 
which is significant. The left hand component in untreated per- 
nicious anaemia therefore contains blood cells with a smaller dia- 
meter than normal. This may also be directly observed from the 
frequency curves: 6 of the 10 curves which were investi- 
gated have a number of frequencies in the classes 6 my and lower, 
and with my normal values this should occur only 4 times per 
1000 blood cells. I therefore agree with Mogensen when he 
points out as a characteristic feature in pernicious anaemia that 
microcytes occur in the peripheral blood. When these patients 
are treated this component changes in character: The mean dia- 
meter of this component increases, in my material to 7.79 0.52 

my, and can no longer be distinguished from the MD of normal 
blood cells (variance ratio 2.77). The analysis of variance for 
the means of this component between untreated patients and 
patients in partial remission gives a ratio of 26.94***, which also 
shows that there is a definite difference. This can only mean 
that the pathological small blood cells, the microcytes, have 
disappeared and that the normocytes are the only ones that remain. 

The right hand component in pernicious anaemia has in my 
material an average mean : 10.06 my. Mogensen finds some- 
what higher values, due to difference in technique. These large 
blood cells are specific for pernicious anaemia, and have no 
counterpart in any of the hepatitis curves. They are probably 
identical with the megalocytes mentioned by earlier authors 
(Schilling, Naegeli). 

This group of cells disappears from the blood when the patients 
receive treatment. The mean corpuscular volume, which has been 
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increased, attains at the. same time normal values. This happens 
simultaneously with the normalization of the bone marrow, with 
the disappearance of the megaloblasts, and simultaneously with 
or immediately after, the reticulocyte-crisis (Mogensen). 

As previously mentioned, can Tottermann’s values for the 
characteristics of the individual components not be directly com- 
pared with Mogensen’s and my own data. But his curves may 
also be split into two components, and they conform best 
with the curves found in pernicious anaemia in partial remission. 
He does not find any cells which correspond to the right hand 
component with particularly large blood cells, found in untreated 
pernicious anaemia. 


The blood cell population seen in pernicious anaemia is 
completely different from that seen in liver disease. 

In the peripheral blood of untreated pernicious anaemia there 
thus occur three types of abnormal cells: 

A greater part of the blood cells have an diameter ap- 
proximately 0.99 my larger than the diameter of the normal 
blood cells. Another group has a diameter of approximately 
10 — 12 my, and probably increased corpuscular volume as well. 
These cells are probably identical with the megalocytes. Finally 
one finds a group of microcytes with a smaller diameter than 
the normal blood cells. The analysis has not directly shown 
that normal blood cells also are present, but it is reasonable to 
assume that they are, and that they are hidden in the left hand 
component of the curve. 

Simultaneously with these haematological changes, we have the 
other changes in pernicious anaemia: The anaemia, the biliru- 
binaemia, the typical changes in the bone marrow, and the 
clinical symptoms. 

When these patients are treated, the bone marrow becomes 
normal and the anaemia is healed. The megalocytes and the micro- 
cytes disappear. But the macrocyiosis remains, in spite o/ spccijic 
treatment. MD remains increased, and this symptom does not 
disappear (Schulten (1), Mogensen (1), Kirk (2, 3). My material 
does not permit any substantiation of this assertion. But Mogen- 
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sex lias a group of 14 patients with pernicious anaemia in «main- 
tenance treatment*) with a normal red cell count. These 14 patients 
have an average mean diameter of 7.306 i 0.190 my, against his 
normal mean •diameter, 7.152 i 0.146 my. The variance ratio 
between the two groups is 51.14*** which is significant. The 
measurements in these 14 patients were carried out 123 Lo /02 
days, on an average 329 days, after the commencement of the 
treatment. The average increase in MD compared with the nor- 
mal value is 0.154 my. According to table 30 this corresponds 
to about 20 % macrocytes in the peripheral blood. 

Table 41 shows that this increase in the mean diameter in 
treated pernicious anaemia is due to macrocytes. These macro- 
cytes have a normal corpuscular volume and must therefore be 
thinner than the normal blood cells (see page 147). Davidson & 
Gulland, and Rietti have shown that red cell fragility also is 
increased in pernicious anaemia, as in the case of the macrocytes 
in hepatitis. These cells can not be distinguished from pathological 
blood cells seen in hepatitis by any criteria utilized in this work, 
and I am of the opinion that they are of the same type. 

Since these cells remains in spite of the specific treatment of 
the pernicious anaemia, their presence can noL be due to an}' 
lack of the «anti-pernicious principle*). I agree with Schulten 
and Schulten & Malamos who maintain that the blood cells 
in hepatitis are identical with cells observed in pernicious anaemia 
in remission. But the changes are not caused by any lack of 
intrinsic factor*). 

The erylhropoiesis in pernicious anaemia is thus changed in 
two different ways. Firstly, the specific changes which are men- 
tioned above and which disappear with adequate treatment. 
These changes arc typical and characteristic of pernicious ana- 
emia. 

Secondly, those changes which remain after the treatment has 
brought about full remission of the anaemia. These changes cannot 
be separated from those observed in hepatitis, and I believe that 
this disturbance of the erythropoicsis has the same cause in perni- 
cious anaemia as in the other diseases where macrocylosis occurs, 
such as in liver diseases, in serious haemorrhage (Sjowall), 
in^ tiopical anaemia (Goodhaut), in bothriocephalus anaemia 
(Tottermann) and in other conditions. 
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This macrocylosis may appear -without simultaneous serious 
anaemia, as in the present material. But it is still an expression 
for a disturbance in the erythropoiesis. 


RGsuni6 of Chapter XI. 

In this chapter the macrocylosis in liver diseases is compared 
with the macrocylosis in pernicious anaemia. It is shown that 
whereas the blood cell population in hepatitis consists of 2 com- 
ponents, in untreated pernicious anaemia it consists of at 
least 11, probably -1 components: One main component which 
corresponds to the macrocytes observed in liver diseases. One 
component with considerably larger cells, probably identical with 
the earlier authors’ megalocytes. One component consisting of 
microcytes as previously shown J>v Mogknskn. And finally, 
probably one component with normal blood cells which I, how- 
ever, have been unable to demonstrate directly. When the patients 
are given the antipernicious principle the microcytes and mega- 
locyles disappear rapidly. But the macrocytes remain for years, 
in spile of adequate treatment. The. frequency curves found in 
pernicious anaemia in partial remission can not be distinguished 
from those seen in liver diseases by any criteria which are 
utilized in this work. 

The conclusion must he that this macrocylosis cannot he 
due to any lack in the anti-pernicious principle, but must have 
another cause. 



CHAPTER XII. 


Final discussion. 


In chapter 1, page 25, the problems which remain unsolved 
after a survey of the literature are staled in the form of 5 questions. 
Some of these questions may now be answered by means of the 
results of the investigations reported in chapters VIII — XI. 


1) When does macrocytosis appear in liver diseases ? 
How fast does the phenomenon appear and disappear ? 

The present investigation gives the same results as previously 
reported by a number of authors: A constant increase in the mean 
diameter, without a simultaneous increase in the cell volume, is 
seen in all cases of hepatitis. In hepatitis there is therefore a 
«macroplania» of the blood cells, as previously pointed out by 
Ancm, Sciiueten and Dediciien. This fact explains the discre- 
pancy between the authors who have determined the mean dia- 
meter of the red cells, and the authors who have determined the 
mean corpuscular volume. In patients with obstructive jaundice, 
the size of the cells is normal. 

The macrocytosis persists during the whole course of the disease, 
provided the patient does not receive any special treatment (see 
later). 

When the patient recovers, the macrocytosis disappears, and 
i\ID becomes normal. The change in MD average in my material 
0.014 my per day, which agrees well with observations by Mo gen - 
sen and C. Guam. 
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2) Is the macrocytosis due to changes in the peripheral 
blood, or is the cause a changed erythropoesis? 

In chapter IX it is definilily shown that none of the changes in 
the peripheral blood with which earlier authors have tried to explain 
the phenomenon, can be the cause. In chapter X it is shown 
that the macrocytosis is due to a changed erythropoiesis: Mac- 
rocytes, pathological large cells, with an average increase in diam- 
eter: 0.85 my, arc produced, and the blood cell population in the 
peripheral blood becomes heterogeneous. The altered mean dia- 
meter of the blood sample is only an expression of the number of 
macrocytes present in the peripheral blood. Since the blood cell 
population becomes heterogeneous, the distribution curves of the 
red cell diameters will be broader than normal, with increased 
standard deviation. These findings explain the clinical observa- 
tions made by Hammarsten, that an increased standard deviation 
of the frequency curve indicates that the liver disease is still 
active. When the patient recovers, the macrocytes are substituted 
by normocytes. The production of normocytes occurs in concor- 
dance with the biological growth formula, and at approximately 
the same rale as that with which erythrocytes are produced in 
pernicious anaemia during treatment. It seems reasonable to 
assume that the production of macrocytes in the beginning of the 
disease occurs at the same rate. 


3) Has the macrocytosis in liver disease the same cause 
as the macrocytosis in pernicious anaemia? 

In chapter XI it is shown that macrocytosis in liver diseases is 
not identical with macrocytosis observed in untreated pernicious 
anaemia. In untreated pernicious anaemia we find megalocyles 
and microcytes, two cell forms which are not observed in liver 
diseases. But we also find macrocytes, and these macrocy- 
tes cannot be distinguished from those seen in liver diseases 
by any of the criteria which arc utilized in this work. Mhen 
patients with pernicious anaemia receive adequate treatment the 
cells which are typical for this disease disappear. But the macro- 
cytosis remains in spile of the treatment. According to calcula 
lions based on Mogensen’s investigations this macrocytosis ie 
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mains for months and years after the specific treatment lias com- 
menced, and in spite of full remission of the haemoglobin and the 
number of red blood cells. 

This, together with the arguments which are given in the intro- 
duction (page 20), makes it unlikely that the macrocytosis in liver 
diseases is caused by any” lack in the antipcrnicious principle, as 
usually assumed (see page 22). 

4) If the macrocytosis in liver disease and in pernicious 
anaemia is not due to the same cause, what is then 
the cause of this phenomenon ? 

This cjuestion cannot be answered by the previous investiga- 
tions. But these investigations may possibly indicate how a 
solution may be attempted. 

The normal cnjlhropoicsis. 

The. normal crylhropoicsis demands that two processes must, 
follow a normal course: Firstly, a sufficient number of erythrocytes 
must be produced in (he bone marrow, to replace those blood 
cells which perish in the peripheral circulation. Secondly, the 
haemoglobin synthesis must he normal, so that these newly formed 
blood cells become saturated with haemoglobin. 

Capps, already in 1003, showed that we here have two distinct 
processes, which do not necessarily follow a parallel course. And 
this has later been confirmed by a number of authors: By Sjo- 
wau, in bleeding experiments, by WhippLe, Rohscheit- 
Bobbins and others in feeding experiments, and by Hawkins, 
Hahn & others in experiments with radio-active iron. Schiodt, 
and later G.ikudso, have shown that the synthesis of haemoglobin 
also occurs in concordance with the equation for mono-molecular 
auto-catalytic reactions, but with another value for Iv than the one 
which applies to the production of the cells. And finally, Thorem. 
has recently, by analysis of the single cells, shown that the haemo- 
globin synthesis is an independent process. 

The formation of the erythrocytes takes place in the bone 
marrow from a relatively small number of parent cells. The forma- 
tion depends upon two distinct processes, growth and maturation 
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of the cells. The growth, i. e. the formation of a sufficient number 
of cells, is connected with the youngest precussors of the blood 
cells. Already the number of the different cells in the bone marrow 
seems to indicate this : 2—6 % of young immature proerythroblasts 
gives rise to 35 — 40 % basophile normoblasts and to 50—60 % 
orthochromatic normoblasts (Whitby (Sf B ritton). Some haemato- 
logists (Rohr, Kienle, Habelman) are opposed to this view, but 
Thorell, in the above mentioned work, has shown that the new- 
formation of the cells (the growth proper) takes place at the earliest 
sLages of development, and that it is normally finished, or nearly 
finished, when the maturation starls. 

The maturation of the cells, or the development from the younger 
forms to Lhe mature erythrocyte, also takes place in the bone mar- 
row. There is some disagreement as to whether this development 
from the immature to the mature cell is a continuous process 
(Whitby & Britton, Haden (8), Schilling, Naegeli), or if the 
process is discontinuous. This is maintained by Kienle (mitosis 
studies), Freerksen (comparative anatomical studies) and by 
Freerksen, Alder and Rohr, based on clinical observations and 
morphological studies. 

If the haemoglobin synthesis is reduced, while the cell produc- 
tion remains normal, hypochromic anaemia develops. 

If the growth of the cells is restricted, we get hypoplastic, re- 
spectively aplastic anaemias. 

If the maturation process is disturbed, w r e obtain changes of the 
kind which are discussed in the present work. 


Disturbed maturation of the blood cells. 

There is, as mentioned, no agreement whether the maturation 
is a continuous or a discontinuous process: Wdiether one cell, 
as for instance a pro-erythroblast, may divide into two proe- 
rythroblasts (homoplastic division) or into two macroblasts 
(heteroplastic division). 

Without taking any side in this controversial question, one 
must, however, be allowed to maintain that the development 
of the cells passes through one or more «critical stages)). In ordei 
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to bring the development of the cells through these stages certain 
substances or principles, only partly known, are necessary. 

The proerythroblast represents one such critical stage». The 
development of the cells will he completely or partly arrested here 
if there is a lack in the «anti-pernicious principle)). The growth 
will continue as before (Tiiorell) and the hone marrow presents 
the picture typical for untreated pernicious anaemia — a marrow 
increased in volume and invading the fatty marrow. The greatly 
increased number of cellular qlcments mainly consist of the younger 
forms of the erythropoietic cells, the proerythroblasts. Simultane- 
ously, an absolute and relative reduction in the number of normo- 
blasts occurs. The proerythroblasts mature into megaloblasLs, 
cells with an abnormal pycnotic nucleus, partly or wholly filled 
with haemoglobin. These megloblasls probably give rise to the 
megalocytes in the peripheral blood. A salient feature is that 
these cells are not reduced in size during maturation, in contrast 
to erythrocytes formed in normal marrow. As an expression for 
a materially reduced maturation and production of erythrocytes, 
anaemia develops. 

When these patients receive the «anli-pernicious principle)) the 
maturation continues. Already the day after the treatment has 
started, the marrow' is seemingly normoblastic and apparently 
normal blood cells arc streaming into the blood. The whole picture 
is what w r e might expect if a blockade had been lifted. 

But the crylhropoicsis is still not normal. The «normoblasts'> 
of the bone marrow are still larger than normal (Norderson (4) 
and this macroblastic marrow remains long after the reticulocyte 
crisis is finished. (Nordenson (4), Sciiulten (3). At the same time 
macrocytes circulate in the peripheral blood, and this macrocy- 
tosis may persist for months and years after the treatment has 
been started, and long after the blood counts have returned to nor- 
mal values (Kiric (2), Mogensen (1), Schui.ten (1) (see also page 
167). It is reasonable to sec these two conditions as related, and 
to assume that the macrocytes in the peripheral blood originate 
from the macroblasts in the bone marrow. 

The similarity between the changes seen in the bone marrow 
in pernicious anaemia and in liver diseases makes it probable 
that the macrocylosis as well, is due to a deficient maturation, but 
at a later stage in the development than the megaloblastic stage. 
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Even in macrocytosis we find an increase in the number of th e 
younger erythropoietic cells, and an increase in the volume of the 
red hone marrow. (Rossier, • Bleichroeder). The increased 
number of erythropoietic cells is mainly due to macroblasts (Isaacs 
Alder), as if the growth and the development progressed nor- 
mally until this stage. These macroblasts seem to be more 
easily developed into macrocytes than the megaloblasts are devel- 
oped into megalocytes, since we do not obtain the same grave 
anaemias as observed in pernicious anaemia. But a moderate 
degree of anaemia is observed here as well (see page 120). In liver 
diseases the number of macroblasts in the bone marrow is greater 
than normal. When the blockade is lifted the maturation progresses, 
and normoblasts with subsequent formation of normocytes are 
formed. Tire production of normocytes then occurs at the same 
rate as the production of erythrocytes in pernicious anaemia 
during specific treatment. This also confirms that the two pheno- 
mena in principle are of the same nature. Both in pernicious anaemia 
and in liver diseases, we are faced by a deficient maturation. 


The cause of deficient maturation. 

Castle & Minot have shown that the megaloblastic bone 
marrow in pernicious anaemia is due to a lack in «the antiper- 
nicious principle)). We now know that this principle is not one 
single substance, but consists of a series of components where 
each component has its specific action (Dedichen, Bjornson, 
Barfred). For some time after the discovery of folic acid one 
believed that one had found the specific substance, necessary 
to mature the proerythroblast into the macroblast, and that a 
deficiency in this substance leads to the development of megalo- 
blasts. More recent researches (Heinle, Dingle & Weisberger, 
Vilter, Vilter & Spies, Haden (9) and others), seem to indicate 
that a lack of folic acid is not always the cause of deficient matura- 
tion. It is more probable that folic acid exists in the food in 
conjugated form, and that we need another principle to ielease 
the folic acid so that it may be utilized in the organism. 

Folic acid belongs to the vitamin-B group and it is probable that 
other members of this group also take a part in the erythropoiesis. 
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Thus Goodhart, Vaughan (1) and Wills mention that they have 
seen improvement in macrocytic anaemias after administration 
of yeast and manitt and it lias also been shown in animal experi- 
ments that a series of the Vitamins B are of importance (see survey 
by Wintrobe, 7, page 97). 

Cayer, Raffin & Perlzweig have shown that the amount 
of niacin, riboflavin and thiamin is sub-normal in patients with 
pernicious anaemia and Ahlstrom has found sub-normal values 
for vilamin-B in patients with liver cirrhosis. Villa and Beigl- 
bock & Spiess-Bertsciiinger finally report that liver diseases 
and the accompanying anaemias improve by the administration 
of large doses of niacin. 

These observations may possibly indicate that the cause of 
the deficient maturation is due to a lack in one of the members 
of the vitamin-B group. 


Docs a lack of vilamin-B play a role? 

To answer this question the present material of chronic hepa- 
titis may he used. These patients have, as shown in table 46, a 
macrocylosis which persists through weeks and months. If the 
reason is that these patients lack a certain principle, then one 
might expecL that the macrocylosis would disappear when this 
principle was supplied. The maturation should become normal, 
and normocytes ought to appear in the peripheral blood at a 
rate which may be predicted by the equation for biologic growth 
(see page 152 — 156). 

If this hypothetical principle was again withdrawn, one might 
expect that the macrocylosis in the peripheral blood would re- 
appear, and again at a rate which may be predicted by the 
formula. 

The author has carried out some experiments to lest this 
hypothesis: 

big. 38 shows the number of normocytes in millions per mm 3 
in 4 patients with chronic hepatitis who did not receive any treat- 
ment. 3 lie curves show that the number of normocytes remains 
fairly uniform through several months. 

Fig. 39 shows similar curves from 4 patients with spontaneous 
improvement in their chronic hepatitis. The number of normo- 
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cytes increases to some extent, and the agreement with the bi 
logical equation of growth is in all cases fairly good. 

Fig. 40 shows the curves of 3 patients who received liver 
extract as used in pernicious anaemia without an increase 
the number of the normocytes. ,n 

Fig. 41 shows the curves from 2 patients who received folic 
acid without any effect. 

Fig. 42 shows the curves from 3 patients who received liver 
extract with an addition of the vitamins-B (Hepto-B), without 
effect. 

Fig. 43 shows that vitamin-K has no effect. 

Fig. 44 shows that aneurin has no effect and fig. 45 shows 
that neither does lactoflavin lead to any increase in the number 
of normocytes. 


Fig. 38 — 50: The number of normocytes (in mill. pr. mm 3 ) in cases of chronic 
hepatitis. The stippled curves represent the curve of biologic growth and indicate 
the rise and fall one must expect in the number of normocytes if the treatment 
is of any significance. The numbers refer to case-numbers in table 46. 
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Fig. r,o. 

Fig. 4G and 47 shows similar curves from patients nos. 29 
and 30. These two patients received niacin, 0.20 daily, i. m. The 
number of normocytes in the blond of these patients increased 
during the treatment and reached nearly normal values. The 
increase occurred in close concordance with the biological equation 
of growth. When the nicacin treatment is discontinued the number 
of normocytes recede to the original values at the expected 
rate. 
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Fig. 48 is from patient no. 34. The dose of niacin was in this 
case only half of the former, 0.10 daily. Even here we find an in- 
crease in the number of normocytes, but the increase appears 
somewhat later than in the two first cases. But when the niacin 
treatment is discontinued, the normocytes recedes to the original 
values in concordance with the theoretical curve. 

Fig. 49 shows a similar curve from patient no. 43 who 
received niacin in three periods. The dose was the first two 
times, 0.10 daily and the increase and the decrease of the nor- 
mocytes appeared as expected. The third time the dose was 
only 0.05 gr. daily, and this time the effect was absent. 

Finally, fig. 50 shows the curves from 3 patients who also 
received niacin, but where the effect was absent. In cases nos. 38 
and 40 there is an increase in the number of normocytes, but 
the increase is not in concordance with the theoretical curve and 
in case no. 40 at least, the rise starts before the treatment is 
begun. This is probably a case of spontaneous remission. In 
case no. 32 there was definitely no effect. 

These experiments are too few, and give too conflicting results 
to be regarded as decisive. Niacin does perhaps play sonic role 
in the ripening of the macroblast into a normoblast. The reason 
for the failure in the last three cases may be that the organism 
needs a sufficiently large dose, and that the niacin is without any 
effect in insufficient quantities. Perhaps the demonstrated curves 
are only due to spontaneous remissions and therefore of no conse- 
quence. 

The question can not be decided without further investigation. 
One might examine more patients with chronic hepatitis. I 
have had no opportunity to do this, owing to lack of material. 
It would be better to investigate the condition of the blood cells 
in experimentally-caused jaundice. Such an experimentally produ- 
ced jaundice might also definitely answer the question whether the 
macrocytosis appears and disappears at the same rate. Eien 
if this is probable, it has not been proved in the present work 
(see page 156). O. Hanssen and P. Hanssen have shown that 
one may cause a jaundice resembling acute benign hepatitis bj 
administering lactofenin. I have carried out several such ex 
periments, but have been unable to produce jaundice, peihaps 
because the lactofenin used was of a poor quality. 
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Finally one might answer Uie question by animal experiments, 
as mentioned by Higgins & Stasney and IIeinle, Castle & Rose. 
This comes however oulside the frame of the present investigation. 


5) Which diagnostic and prognostic conclusions may be 
drawn from the presence of macrocytosis ? 

This, the fifth and last question put forward in the introduc- 
tion, page 25, may now be answered: The demonstration of 
macrocytosis in a case of jaundice signifies a disturbed erythro- 
poicsis connected with hepatocellular damage. In jaundice due Lo 
occlusion, without simultaneous hepatocellular damage, macro- 
cyiosis docs not occur. This is borne out by the present investiga- 
tion which confirms the earlier findings of Sciialm, Hamm austen 
& co-workers, and others. Hammarsten and co-workers have 
for a number of years studied the relationship between macro- 
cytosis and other signs of liver disease, and have found a close 
relationship. Recently, Lindgren (2), in an extensive survey, 
has shown that the degree of macrocytosis in liver disease is 
closely related to tests based on the hepatic excretory and secre- 
tory actions, as well as on the functions of the liver in the inter- 
mediary metabolism. lie finds, on the other hand, no significant 
relation between the red blood cell mean diameter and tests 
based on the detoxicating ability of the liver, and tests em- 
pirically found to be of value in liver diagnostics. The present, 
investigation confirms this, and the presence of macrocytosis may 
therefore be used both in the diagnosis and the prognosis of liver 
diseases. If the mean diameter of the red blood cells is definitely 
increased, whereas the mean corpuscular volume remains normal, 
it is overwhelmingly probable that hepatocellular damage exist. 

But the method has a serious drawback: The range of the 
normal values for HID is so great that an observed value may be 
well within normal limits even with manifest macrocytosis. A deter- 
mination of the mean diameter alone, cither by micrometry or 
by halometry, is therefore only of conditional value. To ascertain 
if macrocytosis is present, the complete analysis of the frequency 
curve is necessary. But this involves so much work, that the method 
can hardly he of any practical value as a method of routine. 
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errors may however be reduced to such an extent that the mea- 
surements become comparable. 

Chapter IV: The causes of the errors found are discussed. They 
are partly due to human bias. This leads in some instances to 
the assistant making the observed frequency curves leptokurtic 
in other instances to the curves becoming «dentated» and irregular. 
Both types of bias occur frequently. Other errors are due to 
an optical phenomenon, called «Uie scatter of light by the cell 
borders#. This cause of error is the main reason why the mean 
diameter of the cells is registered differently with different optical 
equipment and by different assistants. By photometric studies 
(fig. 7 — 10) it is shown that this phenomenon explains the diffe- 
rences in MD found by the statistical analysis in chapter III. 

Chapter V: Measurment of the blood cell diameter by other 
methods than projection is discussed. It is shown that direct 
micrometry of blood films, and measuring in wet preparations, 
for various reasons give unsatisfactory results : Direct micrometry 
is so taxing on the eyes and gives so much play for a personal 
judgment that the method has to be discarded (pg. 77). In wet 
preparations the cells undergo changes while the measuring is 
going on, so that the values, especially for the standard deviation, 
are not comparable (table 26). The cause of the difference in the 
normal values of earlier authors, given in fig. 1, is discussed. 
It is shown that the differences may be explained by the sources 
of errors discovered in chapters III — -V. 

Chapter VI contains a discussion of the frequency curves 
obtained in pathological cases. It is shown that the abnormal fre- 
quency curves reflect real conditions in the pathological blood, and 
that the curves do not vary more than what might be expected 
from random sampling errors. 

It is shown that these pathological frequency curves probably 
are heterogeneous, and a method for breaking up such heleio- 
geneous curves is evolved. This method, which is based on a 
method originally proposed by Mogensen, is modified in impoi tant 
ways. The accuracy of the method is determined by random 
sampling experiments, and the practical use of the method, facili 
tated by the use of specially prepared auxiliary tables, is illustrated. 

Chapter VII contains a description of the final measuring 
technique. A discussion of how many blood cells it is necessary 
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to measure, based on random sampling of pathological universes, 
ends with the conclusion that 200 cells is an adequate number. 

The normal values for the different characteristics, with 
the variation to be expected, are given. At the end of the 
chapter the normal haematological values used are given in 
tables 33 and 35. 

Pari II: lied blood cell diamclcrs in liver disease. 

Chapter VIII: The clinical material used in the investigation 
of the blood cell diameter in liver diseases is reported. It consists 
of 26 cases of acute hepatitis (duration less than 90 days with 
full recovery), of 32 cases of chronic hepatitis (duration of more 
than 90 days), and of 14 cases of cholecystitis or cholelithiasis. 
(Obstructive jaundice) (table 46). After a brief discussion of the 
age/sex incidence it is shown that all cases with hepatocellular 
damage have an increased diameter of the red blood cells, while 
the mean corpuscular volume remains normal. 

Chapter IX: The cause of the macrocylosis is by some authors 
said to be changes in the peripheral blood stream. This hypothesis 
is discussed, and it. is conclusively shown that neither jaundice, 
nor osmotic disturbances, nor any other peripheral cause pre- 
viously suggested, can account for the findings in the present 
material. It is shown (fig. 28, 31 and text pg. 131 — 136) that the 
macrocylosis is probably due to the appearance of a distinct new 
group of larger blood cells in the peripheral blood stream, so that 
the blood cell population becomes heterogeneous, consisting of a 
mixture of normal and pathological large cells. 

Chapter X: Further arguments for the blood cell population 
being heterogeneous are given. Based on the present material it is 
calculated that, the mean diameter of the hypothetical large cells 
must average 0.75 my higher values than those of the normal cells. 
Subsequent statistical analysis of the frequency curves, 412 in 
all, shows this assumption to he correct. On pg. 142 — 146 further 
proof is given that, the analysis reveals real conditions in the patho- 
logical blood samples. It is shown that the pathological large cells 
are thinner than normal (fig. 32) and more resistant to hypotonic 
salt solutions (fig. 33). 

It is shown that the regeneration of normocytes in acute hepa- 
titis occurs at the same rale as the formation of erythrocytes in 
pernicious anaemia, and that, the regeneration occurs according to 
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the equation for autocatalytic mono-molecular reactions, the 
biological growth formula (fig. 36). 

Chapter XI: The frequency curves obtained in liver diseases 
are compared with the frequency curves from pernicious anaemia. 
It is shown that these curves are not identical : While the blood 
cell population in hepatitis consist of 2 components, the blood 
cell population in untreated pernicious anaemia consists of at least 
3, probably 4 components. When patients with pernicious anaemia 
are treated with liver extract the blood cell population changes 
so that it can not be distiguished from that seen in hepatitis. 
This condition persist for months and years in cases of pernicious 
anaemia, even when the blood counts become normal. 

Chapter XII: Contains a resume of the author’s findings, and 
a discussion of the results found by other authors. 

It is concluded that the disturbances seen in hepatitis as veil 
as those seen in pernicious anaemia are due to a disturbed ma- 
turation of the red blood cell precursors in the bone marrow 
In pernicious anaemia the main disturbance lies at the level of 
the proerythroblasts, which partly develop into megaloblasts and 
megalocytes. This disturbance is removed when adequate treat- 
ment with liver extract is given. 

In liver disease, as well as in treated pernicious anaemia, the 
disturbance lies at the level of the macroblasts, which develop 
into macrocytes instead of normally, into normoblasts and normo- 
cytes. The cause of this disturbance in the maturation is dis- 
cussed. Reports made by earlier authors may suggest that lack 
of a member of the vitamin-B group may be the cause. Some 
tentative experiments are reported which may indicate that 
niacin, in one way or another, plays a role. The results are how- 
ever too conflicting to be decisive. 

Finally, the diagnostic and prognostic conclusions which may 
be drawn from this investigation are briefly stated. 



AUXILIARY TABLES FOR THE ANALYSIS 
OF FREQUENCY CURVES 

Tables 42 — 45. 

Table of Logarithms. 











































TABLE 4 6. 
CASE REPORTS 


In this tabic haematological and clinical findings relating to all 
patients are given, together with the result of the analysis of 
the frequency curves. 

In the left-hand collumn is given case number, patients initials, 
sex (M : man, W : woman), birth-dale, register-number of 
hospital case report, and date of admission and discharge from 
hospital, in order named. 

With the exception of case no. 28 and 40, who were treated 
in The University Clinic, Med. Dept. A, all patients were 
treated in Norwegian Deacons Hospital, Oslo. 

Explanation of abbreviations is given in table of notation, 

(p. 9-10). 


Case-numbers la patients excluded from the material: 
Norwegian Deacons Hospital, Oslo. 


1188/43 

1227/44 

852 45 

10/44 

1135/44 

1005/45 

513/44 

1193/44 

47/40 

548/44 

1227/44 

210/40 

GOG/44 

224/45 

300/40 

948/44 

355/45 

318/40 

9G1/44 

728/45 

078/40 

977/44 

703/45 

807,40 

1108/44 

852/45 


Haematological data used in the discussion in chapter X. 
. Case-numbers to j)alients with pernicious anaemia. 
University Clinic, Med. Dept. A. 


4811/27 

J89I/2S 

520/32 

5910/27 

3070/28 

1 033/32 

247/28 

2050/29 

3000 32 

375/28 

4498/31 

3880/32 

002/28 

212/32 

7900/32 
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ACUTE HEPATITIS DATE Hb R. bt 

H. I. M. b. 12/10-09. C. no. 1001/45, 28/8-45— 14/0-45. 2 3/9 13.8 5.28 
Tired and unwell two weeks before adm. One week before a dm 50/8 13-8 4.06 

dyspepsia, jaundice. 29/8: R. f.: 0.30/0.40. T.: 0. ’ 7/9 14.1 5.02 


No. 2: B. S. M. b, 20/11-34. C. no. 20/46, 28/12-45—7/1-46 
Father had hepatitis 3 month previously, mother 2 month 
previously. Patient diabetic since 1942. One week before adm. 
febrile (38°) 3 days later jaundice. 4/1: A/G: 5.1/2.4. T.: 0 


No. 3: A. L. IV. b. 23/7-72. C. no. 222/40, 28/1-40—24/2-40. 
Felt tired and unwell three weeks before adm. last two weeks 
dyspepsia. 23/1: Jaundice. Xray: Normal. 29/1: R. f.; 
0.20/0.48. E.: 1.7 %. T.: 0. 


No. 4: A. J. W. b. 16/11-17. C. no. 662/46, 27/6-46—16/7-40. 
5 days before adm. febrile, vomited, jaundice. 28/6: II. f.: 
0.32/0.50. 30/0: A/G.: 4.4/3.1. It.: 0.1 %. T.' 0. 


No. S: G. It. M. b. 29/9-89. C. no. 1064/43, 26/8-43—21/9-43. 
Dyspepsia and diarhoea in two weeks before adm. Jaundice 
two days before adm. T.: 0. 



No. 7: R. M. M. b. 7/10-23. C. no. 213/45, 27/1-45—26/2-45. 
One week before adm. dyspepsia and fever. Jandiced for three 
days before adm. During the stay in hospital haeraaturia and 
cylindruria for a few days. No other complications. Weils 
reaction negative. 1/2: R. f.: 0.28/0.44. Tk. — 3 times. T.: 0. 


No. S: \V. T. IV. b. 22/3-14. C. no. 242/46, 29/1-40—1/3-46. 
Parturition 4 month before adm. Fever and dyspepsia a week 
before adm. Jaundice 5 davs before adm. 20/2: A/G: 4. 3/3.0. 
Tk. — T.: 0. 


No. 9: I. C. NV. b. 15/4-02. C. no. 956/46, 24/6-46—14/8-46. 
Bronchitis 4 month before adm. Then well till 8 days before 
adm. when febrile. 2 days before adm. Jaundice. 28/6: R. f.: 
0.22/0.40. T.: 0. 


No. 10: B. L.-B. W. b. 24/10-74. C. no. 509/45, 23/4-45— 11/5-45. 
Two month before adm. dyspepsia, jaundiced. Dost in weight. 
At adm. ivas the liver distinctly felt. Tk. — on repeated occ. 
24/4: R, f.: 0.22,0.44. T.: 0. 


19/1? 

21/12 

24/12 

29/12 

4/1 

14.2 

13/8 

13.4 

13.4 

12-3 

5.10 

5.12 

4.64 

4.98 

4.52 

41 

37 

39 

36 

37 

29/1 

13.6 

4.54 

38 

5/2 

13.8 

4.82 

34 

12/2 

13.0 

4.66 

37 

20/2 

13.1 

4.64 

37 

4/3 

13.2 

4.67 

37 

28/6 

13.9 

5.10 

42 

2/7 

14.6 

5-12 

39 

6/7 

12.4 

4.64 

32 

15/7 

13.0 

4.71 

37 

27/B 

13.4 

4.96 

39 

30/8 

13.8 

4.92 

40 

2/9 

14.5 

5-20 

'42 

6/9 

13.8 

4.86 

42 

9/9 

12.7 

4.60 

36 

13/9 

9.9 

3.60 

28 

20/9 

10.0 

3.50 

28 

6/11 

10.6 

3.-M 

31 

16/11 

11.6 

4.16 

34 

22/11 

11.2 

3.96 

33 

27/11 

11.4 

4.40 

34 

29/1 

16.3 

6.00 

51 

31/1 

15.6 

5-76 

4R 

T/2 

15.2 

5.68 

4e 

14/2 

13.5 

5.10 

44 

21/2 

13-6 

4.92 

40 

26/2 

13.2 

5.04 

40 

30/1 

14.4 

5-24 

42 

7/2 

13.0 

4.74 

41 

15/2 

12.7 

4.72 

36 

21/2 

13.0 

4.84 

38 

1/3 

13.0 

5.00 

36 

25/6 

12.2 

4.58 

34 

28/6 

12.4 

4,36 

30 

3/7 

12.3 

4.44 

31 

12/7 

12.6 

4.40 

30 

17/7 

12.7 

4.32 

34 

13/6 

12.5 

4.62 

54 

23/4 

13.0 

4.60 

M 

26/4 

12.7 

4.68 

34 

28/4 

12.6 

4.60 

34 

2/5 

12.5 

4.58 

34 

7/5 

12.4 

4.6? 

V 

11/5 

11.6 

4.14 

33 
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77 
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50 

0 
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- 

2.93 

- 
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0.61 

8.00 

52 
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0 
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0.53 
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ACUTE HEPATITIS 

DATE 

Hfe. 

fib c 

Vol. 

-Yo. 11: M. IS. V. b. 28/10-85. C. no. 241/40, 4/2-40-1/3-40. 
Jaundiced for some days 2'/, month before ndm. Again Jaundice 

3 weeks before ndm. 5/2: 11. f.-. 0.30/0.44, A/G 4.2/3 2. \/G 
2012: 3.7/3.0. Tk. — twice. T.: 0. 

5/2 

12/2 

20/2 

26/2 

14.4 

14.1 

13-3 

13.8 

5.21 

5.00 

4.58 

4.69 

41 

39 

36 

36 

Xo. 12; K. V. IV. b. 5/1-01. C. no. 800/40, 20/0-40—28/7-40. 
Jaundice 3—4 weeks Indore ndm. Slight fever. 1/7: 11 f.- 
0.20/0.42, A G 3.5/2. 4. Tk. — . T.: 0. 

1/7 

5/7 

15/7 

24/7 

10.8 

9-7 

9.4 

4.00 

3.76 

3.76 

31 

20 

28 

•Vo. Ik J. IV. b. 27/10-27. C. no. 127/44, 20G2-43— 0/2-44. 

IVlt tired and unwell for 3 weeks before ndm. Jaundiced about. 

2 weeks More ndm. At ndm. Jaundiced. She had al«o diabetes 
treated with Insulin. Tempi (l. 

21/12 

27/32 

30/12 

5/1 

12/1 

19/1 

25/1 

C/2 

13.0 
12.3 
11.6 
11.6 

11.0 
12.0 
12.7 

4.00 

4.50 

4.30 

4.40 

4.40 

4.40 

4.34 

37 

39 

35 

35 

35 

35 

34 

Xo. 14: K. S. M. I>. 10 '0-00. C. no. 250/45, 7/1-45—5.3-45. 
Diajnotir: llVJI’i tli'rnrr. Tired, febrile, and Jaundiced two 
weeks Is-tore ndm. In liosjiitnl Jaundice, albuminuria, cyltnd- 
rurln, nggl. test. 'Weil 4- 1,800. At the time of discharge 
normal findings In Wood and urine. Tk. — . T. : 0. 

0/1 

15/1 

23/1 

30/1 

6/2 

12/2 

19/2 

26/2 

13.5 
12.2 
10.2 
10.8 
10. B 
11.2 
11.2 
12.8 

4.29 

4.40 

4.09 

3.80 

3.76 

4.20 

4.02 

4.70 

35 

37 

31 

32 

31 
30 

32 

38 

Xo. ir,: M. J. TV. 1>. 4,11-70. <\ no. 74/45, 8,12-11-20,1-45. 
/)in;;no»i».' iVtil't ilirratr. l'elt unwell 10 days is- fore ndm. 
Jaundice 0 days b. n. I'indlngs: Jaundice, albuminuria, eyiiiid. 
rurla, ngg. test. 54511 a- 1/800. Wood urea 114 mg "1,-85 mg %- 
Tk. — . normal findings in blood and urine, nt. the time of dis- 
charge. T.: 0 . 

9/12 

18/12 

23/12 

28/12 

3/1 

10/1 

18/1 

14.6 

9-9 

9.7 

9.4 

9.3 

9-4 

9-4 

5.54 

3.60 

3.49 

3.62 

3.40 

3.46 

3.22 

47 

31 

29 

29 
26 

30 
29 

iVo. 1G: X. I). M. b. 20/10-25 C. no. 188/43, 4/2-43—20/2-43. 
l’ever ami Jniimllre two days before ndm. 

5/2 

16.6 

6.00 

50 

Xo.17: «!.(). IV. b. 24,0-10. C. no. 1304/43, 2,11-43— 7,11-43. 
l’ever and rnntni-e two weeks. Jaundice 2 da .vs Indore ndm. 

2/11 

15.0 

5.44 

45 

Xo. IS: >,’. 1). 3V. 1,. 17,1-01. (’. no. 1300,43, 20,11-43—20,11-43. 
Three children Jaundice recent ly. 1'ever and jaundice C days b. a. 





Xo. 10: 11. 1'. M. h. 2/7-75. G. no. 02/44, 1 1/1-44— 20/1-44. 
Jnnndlee and dvs]>ej'Sia for 3 weeks. It.: 1.4 %. 

12/1 

10.5 

3.92 

32 

A'o. 20: S. X. \V. Ii. 18/12-22. V. no. 323/44, 14/3-44—21/3-44. 
]>ys|M'[>*la and Jaundice 4 days before ndm. 

14/3 

13.5 

4.94 

40 

A’o. 21: 1.3.3. 3V.li. 10/10-11. C. no. 404/44. 28/3-44— 24/4-44. 
Malaise for 2 weeks. Jaundice 5 days liefore ndm. 

28/3 

15-2 

5.48 

47 

Xo. 22: K. J. M. b. 7/5-20. O. no. 780/44. 4/7-44—15/7-44. 
Mother and maid jaundice 3 weeks previously. Jaundice 1 week. 

5/7 

11.7 

4.50 

38 

A’o. 2.1: K. 11. 11. M. b. 30/0-81. <’. no. 851/44, 17/7-44— 5/6-44. 
Diabetes 1031. Tired last montli. Jaundice 2 days before ndm. 

17/7 

13.8 

1.88 

39 

Xo. 24: I. O. W. 1). 28/8-ltt. C. no. U4Hf45 t 10/1 2-*ir. — 21/12-45. 
Mulatto one month b. n. I«nM* two days: JamuHce. 

20/12 

13.5 

4.68 

39 

.Vo. 2,5; J,. V. 3V. b. 28/12-80. C. no. 513/40, 0/7-45—1/8-45. 
Jntindlcn two weeks before ndm. K. : 0.20/0.40. 






A'o. 26: A. ii. IV. I>. 2S/5-10. C. no. 5-14/40, 2.7 M -4 0—8/5-10. 
Jaundiced three weeks, 11. I.: 0.24/0.40, ; V/G. 2.5/5. 3. 
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CHRONIC HEPATITIS 


No. 27: A.-M. S. \V. b. 10/11-93. C. no. 1113/45, 9/7-45—12/10-45. 
Previously treated for spondyloarthrosis and neurasthenia. 
Readmittet 9/7-45. Treatment (against spondyloarthrosis) 
started with salazopyrin (Combination of snlfapyridine and 
salicyl). 7 days later: Jaundice (Toxic?) Tk. — . T : 22/8- 
Liver extract 100 ccm. 26/7—23/8: Vitamin It 0.01 i. m! 
twice weekly. 


No. 28: A. B. M. b. 29/11-17. C. no. II. H. 8425/47, 4/2-47— 
21/3-47. No previous illnes. Fever (•influenza)) with jaundice 
4 weeks before adm. T.: 11/3—21/3: Folic acid 0.05 x 3 p. o. 


iVo. 29: P. T. M. b. 12/12—75. C. no. 349/46, 19/1-46—25/3-46. 
Jaundice for 6 month before adm., more pronounced the last 
3 weeks. 21/1: R. f.: 0.2610.40, R.: 0.3%. T. — 4 times. 
8/2: A/G.: 4/2.3, 22/3: 3.5/2.1. T.: 3/2—15/2: Niacin 0.20 i. m. 
daily. 


No. 30: G. H. W. b. 10/3-99. C. no. 803/46, 12/4-46—1/7-46. 
14 year old: Haemntcmesis. 17 year old: Tuberculous peri- 
tonitis. Last 4 month dyspepsia with jaundice, more pronoun- 
ced last 6 weeks. At admission: Jaundice, ascites, pleuritis. 
28/4: Rapid developing coma hepaticum, treated with blood 
transfusions and niacin. Recovered. No other complications. 


13/4: R. f.: 0.28/0.42, 15/6: R. f.: 0.26/0.42, 11/9: R. f.: 0.28/0.42. 
13,4: R.: 1.2 %, 13 4: A/G.: 2.7/3.1, 25/5: A/G.: 2.8i2.5. Tk . : 
+++ at. adm., later -f . T.:28/4-8'5: Niacin 0.20 i. m. daily. 
10/6—27/6: Tonipan (Liverextract 4- aneurin) 2 ccm. dnily. 


No. 31: M. S. W. b. 21/12-92. C. no. 426/45, 3/3-45—24/4-45. 
Jaundice for 3 month before adm. 5/3: R. f.: 0.36/0.44. Tk.: 
+ . T.: 16/3-27/4: Aneurin 0.025 g. daily i. m. 


No. 32: M. C. W. b. 1/4-94. C. no. 240/46, 14 '12-45— 1/3-49. 
1942: Ulcus ventriculi. 1943: Jaundice 4- fever for two month, 
diagnosed as cholelithiasis. Again jaundiced for one month 
before adm. Tk. 4-+ 20/12: A/G.: 4/3.9, 6/2: A/G.: 3.7/3.7, 
27/2: AG.: 4 3.2. T.: 20/12 — 19/1: Niacin 0.10 i. m. daily. 
28/12 — 1/3: Hepto-B (Liver extract with vit. B) 5 ccm. weekly. 
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CHRONIC HEPATITIS 


& 0 . 38: M. L. G. W. b. 4/1-70. C. no. 1477/45, 26/10-45—27/12-45. 
Jaundice two days before adm. Tk. + + + at admission and 
till 9/4-40 when last observed. 27/10: 11. f.: 0.2C'0.42 14'12: 
A/G.: 3.8/3. 0, 7/4: A/G.: 4.4/4.2. T.: 8/12— 27/12: ’ Niacin 
0.10 i. m. daily. 


4-14 40 
4.54 49 
4.68 41 
4.19 57 
4.60 49 
4.40 39 
4.40 561 
4.00 36 
4.40 30 
4-92 38 


If,'. ^ ' JC JO 

9/4 12.8 4.50 37 


iVo. 39: I. S. 5V. b. 10/4-94. C. no. 1092/45, 29/5-45— C/10-45. 
Jaundice 3 month prcvously, for 2 weeks. Jaundice again 2 
weeks before adm. when the liver was felt 2 cm. below c. in. 
30/5: II. f.: 0.26/0.42, 7/7: MG. 9 3.0/3.G. Tk. + + + during 
the stay in hospital. T.: 18/7: Liver-extract 100 ccm. 1. m. 


No. 40: S. B. \V. b. 30/0-97. C. no. 287/40, 3/8-45—9/3-40. 
Jaundice for 5 month, ascites for one week before adm. During 
stay in hospital repeated paracentesis. 17/2: General oedema 
and pleural effusion. 9/3: Started with mlik diet, anasarca 
dissapeared and conditions grew gradually better. At control 
april 1948 no jaundice but persistent macrocytosis, hypopro- 
tromblnacmia, and positive Takatns reaction. 3/8: It. L: 
0.20/0.30, 20/10: A/G.: 2/3.8, 4/1: A/G.: 1.8/3.0, 31/1: A/G.: 
1 .7/3.0, 10/2: A/G.: 2/4.3. T.; 30/8—9/9: Ancurfn 0.025 g. 
daily i. tn. 4/12 — 30/12: Niacin O.lOdaily 1. in. 


No. 41: M. G. W. b. G/8-90. C. no. 1301/45, 30/10-45—21/11-45. 
Jaundice for 7 month before adm. when liver was felt 0 cm. 
b. c. m. Tk. + + -)- during the stay and at control 19/6-40. 
31/10: It. f.: 0.28/0.42. 


4.44 37 
4 . M 38 
4.56 33 

4.10 30 
4:68 37 
4.80 39 
4.48 37 
3.62 29 

3.40 26 
3.20 25 
3.30 25 

3.10 24 
2.76 22 

2.40 22 
2.74 21 
2.94 23 
4.04 30 
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13.2 

5.22 


13/8 

13.8 

4.62 
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17/8 
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13.4 

4.72 

42 

28/0 

13-2 

4.64 

4? 

6/9 

12.7 

4.64 

41 

12/9 

13.0 

4.68 
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14.5 
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13.0 

4.60 
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12.7 

4.60 
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13.8 

4.86, 
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3/11 

13.5 

4.96 

40 
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14.5 

5.20 

42 

17/11 

14.0 

4.84 

36 

24/11 

13. B 

4.92 

40 

1/12 

12.5 

4.52 

39 

8/12 

13.4 

4.96 

39 

22/12 

12.4 

4.72 

34 

30/12 

12.3 

4.42 

32 

31/10 

11.4 

3.80 

36 

6/H 

T1.6 

3.82 

37 

13/11 

12.0 

4.14 

37 

20/11 

12.2 

4.21 

37 
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CHRONIC HEPATITIS 


No. 42: S. S. W. b. 27/5-93. C. no. 1303/44, 27/5-44—10/7-44, 
23/9-44 — 9/12 — 44. Jaundice of varying intcsity for 7 month 
before adm. when liver was palpable 9 cm. below c. m. Died 
in coma hepaticum a month after discharge. 31. f.: 9/6-0 22/0 42 
27/0: R. f.: 0.26/0.44, 23/10: R. f.: 0.30/0.44. T.: 30/5— 16/G : 
Dactoflavin 0.005 i. m. daily. 


Hb R h c Vo1 

— S 

12 < 3 4 .02 32 
11*6 4.22 31 
11 •! 3.70 31 

13.3 4.20 30 

10.2 3. 82 30 

10.7 3.74 30 

11.2 3.84 31 
12.6 4.60 34 


No. 43: K. B. IV. b. 22/7-84. C. no. 549/46, 2/3-4G— 9/5-46. 
No previous illnes till January 1945 when jaundice. Treated 
in another hospital some weeks. Sub-icteric at time of dis- 
charge. Remained sub-icteric, but otherwise well till 2 month 
before admission. Tk. repeatedly. 4/3: R.: 0.7%, 

4/3: R. f.: 0.20/0.44, 4/3: A/G.: 2.8/4.5, 4/5: A/G.: 3.514.2. 
T.: 0/3—22/3: Niacin 0.10 i. m. daily. 11/4—21/4: Niacin 
0.10 i. m. daily. 29/4 — 7.5: Niacin 0.05 i. m. daily, a 


4.96 39 
3-92 32 
4.20 34 
4.22 32 
4.10 34 
4.32 33 

4.50 55 
4.74 33 
4.34 33 

1.50 33 

4.60 33 
4.64 - 


A r o. 44: E. L. H. 3V. b. 20/3-03. C. no. 1429/45, 8/11-45—20/12-45. 
Jaundice July 1943. Explor. Iaparatomy: Chronic hepatitis. 
Admitted in hospital for treatment for spondylosis. Tk. 4- 4- 
9/11; R. f.: 0.28/0.42, 13/12: A/G.: 3.8/4.1. R.: 0.5 %. T.: 0. 


9.9 3.74 32 
9.7, 3.78 32 
10.8 3.64 32 
10.4 4.02 32 
9.3 3.56 30 


No. 45: D. H. IV. b. 10/4-80. C. no. 905/45, 22/0-45— 18/8-45. 
Dyspepsia since 1934. Jaundice 3 weeks before adm. At adm. 
also slight oedema. Tk. + + +. 22/0: R, f.: 0.22/0.38. 18/8 
rapid developing coma hepaticum. Mors. No autopsy. 


11.3 1.30 35 

11.2 4.20 35 
10.5 3.76 32 
10.5 3.96 31 
10.9 4.32 33 

10.2 4,00 31 


No.4G: E.M.F. 3V.li. 13/10-71. C. no. 552/45, 22/3-45— 19/4-45. 
Cholecystitis 1924. 20/1-45: Pneumonia. Directly afterwards 
jaundice. 2 weeks before admission: oedema and ascites. Her 
condition at admission was poor and grow gradually worse. 
Mors. No autopsy. Tk. + + + . R. f.: 23/3: 0.32/0.44. T.: 0. 


11.8 4.0? 30 

12.6 4.42 35 

10.4 3.48 29 

11.8 4.32 30 
11.1 3.95 34 

13.7 4.25 34 


No. 47: N. E. IV. b. 1G/11-80. C. no. 1430/45, 19/10-45— 20/12-45. 
7 month before adm. malaise, jaundice. At adm. jaundice and 
anasarca. 20/12: Coma hepaticum. Mors. Autopsy: Chronic 
hepatitis. Tk. + + +. 20/12: U. f.: 0.26/0.44. T.: Hcpto B 
(Diver extract with vit. B) 5 ccm. weekly. 2/10 — 20/12: Vit. K 
0.01 i. m. weekly. 


12.0 4.62 38 

12.3 4.14 38 

12.4 4.58 38 

13.2 4.78 37 

12.6 4.66 35 
11.8 4.22 36 

13.1 4.52 35 


No. 48: O. H. J. TV. b. 23/2-77. C. no. 568/40, 7/3-40—14/5-40. 
November 1943: Jaundice. In another hospital for one month. 
Since then periodically jaundiced. June 1945: ascites. August 
1945: Genera) oedema. 12/5: Haerontemesis. Mors. No autopsy. 
8/3: R, f.: 0.28/0.40. T.: 0. 


11.3 4.00 33 
10.5 3.72 * 

10.5 3.92 29 
11.7 4.48 30 
10.9 3.96 y 

9.9 3.42 29 

10.1 3.50 28 

10.6 3.52 ?8 

11.7 4.16 31 

11.2 3 . 6 ° » 
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CHRONIC HEPATITIS 



rm 

m 

No. 49: K. R. M. b. 12/6-92. C. no. R. H. 10375/47, 22/3-47 

10/4-47. January 1946: Pericarditis. Mars 1946: Oedema and 
ascites. At adm.: Jaundice. Died suddenly 16/4. Autopsy: 
Cirrhosis hepatis. Pericarditis chronica. Tk. -f-f-f 24/3- 
A/G.: 4.2/1.73. T.: 30/3—16/4: Folic add 0.05 x 3 daily'. 

24/3 

?7/3 

29/3 

31/3 

2/4 

5/4 

e/4 

10/4 

12/4 

16.3 
15.7 
16.0 
15.7 
16.0 
16.0 
15.2 

15.4 
15.4 

5.05 

5.36 

5.22 

5.05 

5.06 
5.04 
4.94 
4.93 
4.93 

4? 

4? 

44 

46 

47 

49 
46 
46 

50 

No. 50: A. K. M. b. 18/4-75. C. no. 029/46, 25/3-46 — 16/4-46, 
16/5-46 — 27/5-46. 14/3-46: Suddenly jaundiced without other 
symptoms. Grew gradually worse and died 27/5. Autopsy: 
Cancer caput pancreat.. + Chronic hepatitis. Tk.: +J- + 
26/3: A/G.: 4.8/1.7. R. f.: 0.24/0.38. T.: 6/4—16/4: La'cto- 
flavin 0.005 i. m. daily. 

26/3 

1/4 

e/4 

23/4 

30/4 

7/5 

14/5 

ii. e 
10.6 
10.2 
11.3 
10.2 
11.2 
11.1 

4.24 

3.72 

3.60 

3.90 

3.64 

3.70 

4.06 

32 

27 

?7 

26 

27 

27 

27 

No. 51: S. K. W. h. 9/4-96. C. no. 926/44, 12/7-44—28/8-44. 
Jaundice since may 1944. Died 28/8: Autopsy: Chron. hepatitis. 

13/7 

11.0 

4.04 

32 

No. 52: J. M. M. b. 29/1-92. C. no. 343/45, 31/3-45—2/4-45. 
Cirrhosis hepatis since 1933. R. f.; 0.30/0.46, A/G.: 3.8/2.S. 

30/1 

8.7 

3.66 

30 

No. 53: D. J. IV. b. 6/7-01. C. no. 408/45, 5/4-45—4/5-45. 
Jaund. dec. 44. Autopsy: Cirrhosis. R. f. : 0.26/0.44. R.:1.7 %. 

6/4 

12. P 

4.56 

37 

No. 54: P. S. IV. b. 3/7-82. C. no. 557/45, 7/5-45—22/5-45. 
Jaundiced 8 d. b. a. Died some month later. R. f.: 0.30/0.44. 

4/5 

13.9 

5.02 

40 

No. 55: K. S. IV. b. 10/1-64. C, no. 803/45, 13/3-45—4/5-45. 
Chronic hepatitis since mars 44. Tk. + + + . R. f.: 0.32/0.42. 

14/3 10.5 

3.74 

32 

No. 56: D. SI. B. IV. b. 29/10-72. C. no. 1452/45, 14/12-45— 
22/12-45. Autopsy: Cirrhosis. R. f.: 0.28/0,44. A/G.: 2.3/3.4. 

15/12 

11.2 

3.92 

33 

No. 57: SI. L. IV. b. 10/4-80. C. no. 258/4G, 4/2-46—5/3-46. Autum 
1945 : Hepatitis. Coma hepaticum 5/3-40. R. f.: 0.22/0.44. A/G. : 2/4. 

5/? 

11.0 

3-80 

32 

A T o. 58: O. H. M. b. 20/4-85. Policlinic, 19/6-40. Hepatis 
chron. 1% year. Died Vj year later. Tk. + + +. R. I.: 0.34/0.44. 

19/6 

15.4 

4.76 

39 




No. 50: M. H. J. *\V. 1). 15/4-10. C. no. 924/45, 14/7-45—25/8-45. 
2 month bf. adm.: cholecystitis. New attack day before adm. 
23/7: Operation: No gallstone. Tk.: -r. 


iYo. GO: K. T. 3Y. b. 13/3-94. C. no. 1395/43, 9/10-43—18/12-43. 
Repeatedly gallstone attacks last 0 weeks. 30/10: Operation: 
Stone in the common duct. Tk. 


16/7 

13.3 

4.78 

39 

23/7 

13.3 

4.88 

36 

24/7 

12.7 

4.70 

39 

25/7 

- 

- 

- 

28/7 

12.4 

4,54 

35 

2/0 

12.2 

4.52 

36 

7/8 

12.4 

4.76 

37 


11/10 

13-4 

4.92 

41 

21/10 

- 

- 

- 

29/10 

13.0 

4.80 

39 

6/11 

- 

- 

“ 

12/11 

12.3 

4.56 

37 

20/11 

- 



27/H 

12.4 

4.46 

36 

15/12 





21/7 13.9 
28/7 13.2 
4/8 11.7 
10/8 11.3 
23/8 13-1 


4.80 37 
5.06 40 
4.20 33 
4.34 36 
5.44 40 


No 61: F. J. W. b. 13/3-94. C. no. 944/45, 20/7-45— l/9-4a. 
13/6 and 21/0: Fever, and jaundice. Nr ay: Gallstone. T: O. 
Tk. — . R. f.: 0.28/0.42. 





















205 


84 

30.6 

36.4 

8.76 

0.65 

8.33 

46 

8.88 

54 

- 

0.44 

12.22 

• 

- 

Ql 

31.1 

34.1 

8.53 

0.55 

8.25 

56 

8.90 

44 

0.48 

- 

12. 3B 

-- 

- 

y± 

31.6 

34.0 

8.56 

0.57 

8.19 

53 

8.97 

47 

0.47 

- 

12.28 

- 

- 

7 J 

90 

29.5 

32.6 

8.55 

0.54 

8.13 

45 

8.88 

55 

0.48 

- 

4.23 

** 

- 

7 W 

93 

30.9 

33.1 

8.70 

0.53 

8.32 

51 

9.13 

49 

- 

0.49 

8.56 

- 

- 

7 J 

93 

31.3 

33.5 

8.70 

0.64 

8.22 

45 

9.00 

60 

- 

0.48 

4.02 

- 

- 

102 

31.2 

30.8 

8.70 

0.50 

8.27 

45 

8.88 

55 


0.44 

1.33 

~ 


75 

27.8 

37.0 

8.92 

0.55 

8.39 

18 

9.06 

82 


0.50 

2.94 

67 

61 

73 

28.6 

39-3 

STTf 

0.57 

8.29 

34 

9.00 

66 

- 

0.49 

3.11 

54 

58 

75 

28.4 

37.8 

8.89 

0.66 

8.60 

40 

9.25 

60 

- 

0.44 

5.53 

76 

56 

67 

29.0 

43.5 

8.55 

0.65 

8.14 

50 

8.94 

50 

- 

0.48 

5.95 

49 

34 

74 

28.0 

37.8 

8.50 

0.72 

8.21 

46 

9.00 

54 

- 

0.43 

2.66 

64 

90 

73 

30.3 

41.5 

8.68 

0.62 

8.27 

50 

9- 06 

50 

- 

0.44 

1.49 

59 

77 

t>7 

27.3 

41.0 

9-06 

0.70 

8.38 

30 

9-44 

70 

*• 

0.50 

3.76 

105 

94 

79 

27.3 

.34.4 

8.61 

0.62 

8.06 

22 

8.75 

78 

- 

0.49 

4.60 

86 

53 

82 

23.8 

29.0 

8.11 

0.61 

7.90 

60 

8.68 

40 

0.50 

- 

2.45 

5 

25 

61 

28.1 

34.6 

8.96 

0.55 

8.53 

49 

9.38 

51 

- 

0.44 

3-43 

74 

87 

60 

27.6 

34.7 

8.26 

0.54 

8.18 

90 

8.93 

10 

0.42 

- 

3.80 

35 

13 

86 

28.1 

32-8 

7.eo 

0.54 

7.68 

85 

8.43 

15 

0.48 

- 

2.67 

7 

23 

84 

28.6 

34.0 

8.54 

0.67 

7.93 

21 

8.63 

75 

- 

0.50 

6.70 

15 

35 

84 

29.0 

34.4 

8.58 

0.67 

8.03 

50 

9- 08 

50 

0.42 

- 

0.70 

10 

31 

62 

28.2 

34.2 

8.33 

0.63 

6.00 

50 

8.75 

50 

O 

0 

- 

0.16 

10 

30 

82 

27-8 

34.1 

8.21 

0.49 

8.21 

100 





1.40 

31 

26 

78 

27.3 

35-0 

8.13 

0.44‘ 

8.13 

100 

- 

- 

- 

- 

0.16 



83 

27.0 

32.6 

8.25 

0.54 

8.13 

85 

Q .80 

15 

0.48 

- 

1.80 


_ 

- 

- 

- 

8.14 

0.47 

0.14 

100 

- 




2.46 


.. 

77 

27.3 

35.4 

8.28 

0.53 

8.06 

73 

8.72 

27 

0.46 


8.35 

13 

_ 

80 

27.0 

34.0 

8.07 

0.48 

8.07 

100 


_ 



2.15 



78 

26.1 

33.6 

8.01 

0.51 

8.01 

100 

- 

- 

- 


6.93 

- 

- 

84 

27.2 

32.7 

7-61 

0.46 

7.61 

100 





0.71 

80 

51 


- 

- 

7.72 

0.52 

7.63 

90 . 

8.46 

10 

0.48 


3.07 

40 

46 

82 

27.1 

33.4 

7.44 

0.43 

7.44 

100 

_ 

- 


_ 

1-.00 

45 


~ 

- 

- 

7.60 

0.46 

7.60 

100 


- 


_ 

1.66 

65 

82 

81 

27.0 

33.2 

7-50 

0.43 

7.50 

100 

- 

- 


_ 

0.40 

40 

38 

“ 

" 

- 

7.50 

0. 50 

7.50 

100 

- 

_ 


_ 

1.67 

29 

44 

83 

27-7 

34.5 

7.51 

0.48 

7.51 

100 

_ 

- 


_ 

2.82 

38 

54 




7.45 

0.48 

7.45 

100 

- 

- 

- 

“ 

2.24 

12 

70 

77 

29.0 

37.6 

7.54 

0.48 

7.54 

100 





3 .98 


2 5 

79 

26.1 

33.0 

7.48 

0.44 

7.48 

100 


_ 

_ 

_ 

3.20 


■53 

79 

27.9 

34.3 

7.49 

0.43 

7.49 

100 





3.e4 


31 

83 

26.0 

31.2 

7.38 

0.42 

7.38 

100 

_ 




3.15 



74 

24.1 

32.8 

7.44 

0.53 

7.44 

100 

- 

- 

- 

- 

3.58 

- 

2 




206 




Ao. 62: J. J. W. b. 5/5-S6. C. lio. 474/44, 31/12-43 — 29/4-44. 
Attacks of gallstone for 20 years. Last weeks jaundice. Xrav 
Gallstone. 20/1: Cholecystectomia. 


DATE Hb. r b t Vtl 
n 

10 : 6 4,16 ^ 

26^1 11,2 3,88 52 

2/2 - : : 

Ofc u : 2 4 -? 2 52 

23/2 10.6 3.76 71 


No. 03: A. It. IV. b. 25/4-77. C. no. 1118/45, 14/7-45— 13/10-45. 
Attacks of gallstone for 7 years. Day after admission: 2 gall- 
stones pr. rectum. 22/8: Operation: Stone in the common duct. 


No. C4; H. S. 7V. b. 30/7-70. C. no. 528*45, 27/12-44—15/5-45. 
Adm. in hospital for heart failure. 24/1: Cholecystitis. Xrav: 
Xo shadow. T.: 0. Tk. — . R. f.: 0.30/0.44. 


No. G5: H. B. M. b. 28/3-G4. C. no. 799/46, 4/3-46—1/7-46. 
Repeated attacks of gallstone since 1934. 6/5: Operation: 
Stone in the common duct. 5/3: K, f.: 0.30/0.46, 9/3: A/G.: 
4/2.6, 24/5: A/G.: 4.9/2.2. 


15/3 

12.8 

4.70 

38 

16/7 

12.7 

4.14 


20/7 

12.3 

4.62 

37 

27/7 

13.5 

4.84 

40 

3/6 

11.8 

4.90 

34 

10/8 

11.4 

4.46 

35 

17/8 

12.4 

4.36 

37 

25/8 

10.5 

3.70 

29 

31/8 
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3.64 

30 

6/9 

9.4 

3.42 

29 

l?/9 

_ 



20/9 



- 

8/1 

12.4 

4.42 

3B 

9/1 

13.3 

5.20 

42 

10/1 

13.3 

5.04 

44 

11/1 

13.3 

4.60 

44 

13.1 

13.2 

4.50 

44 

13/1 

12.7 

4.74 

42 

16/1 

12.7 

4.70 

42 

19/1 

12.7 

4.65 

43 


5/3 13.3 4.72 37 
16/3 12.3 4.64 34 
23/3 11. fl 4.32 33 
29/3 11. 8 4.22 33 
5/4 12.7 4.56 33 

24/4 11.1 4.14 29 

7/5 11.7 4.60 31 


No. 66: B. V. 7V. b. 14/8-79. C. no, 971/45, 14/7-45—7/9-45. 
Repeated attacks of gallstone since 1940. Xray: Xo shadow. 
T.: 0. 


20/7. 13.1 


5.02 - 
5-08 41 
5-02 41 

4.74 36 
5.08 41 


No. 67: .1, G. NV. b. 19/7-91. C. no. 1228/44, 7/9-44—6/12-44. 
Cholecystitis 2 m. b., adm. 23/7: Op.: Stone in the common duct. 


No. GS: H. .T. M. b. 18/3-75. C. no. 1169/45, 10/10-45—24/10-45. 
Cholecystitis 14 days before adm. T.: 0. R. f.: 0.32/0.36. 


No. 69: O. A. M. b. 25/10-06. C. no. 1367/45, 6/11-45— 8/12-45. 
Strict, of com. duct p. op. 12/11: Choledocotomia. R. f.: 0.28/0.42. 


No. 70: M. B. W. b. 18/3-89. C. no. 264/46, 18/2-40—' 7/3-46. 
Cholecystitis. 5/3: Cholecystectomia. 7/3: Mors (cmbolia?). 


iVo. 77: R. H. 3V. b. 14/9-73. C. no. 505/46, 25/4-46—27/4-46. 
13/12-46: Choiecystectomia. Xew attack with icterus. T.: 0. 


Xo. 72: <3. S. M. b. 19/10-70. C. no. 912/46, 8/5-46—31/7-46. 
Cholelithiasis last 4 years. 13/5: Cholecystectomia 


8/9 13-1 4.76 36 


11/10 11.8 4.30 36 


7/11 12.4 4-62 32 
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preface. 


During the last few years I. Wali.grex, in a number of 
works, has described his observations of finer cell structures 
examined with methods which evidently have been well suited 
to throw new light on many cytologic and also hematologic 
problems. He has examined and compared living blood and 
bone-marrow cells in dark-ground illumination and transmitted 
light on the heating table. During these observations he has 
touched on the hitherto unknown fate of the normoblast nucleus , 
which has been intimately associated with the question of the 
origin of platelets. This gave rise to the idea of trying to solve, 
with these methods, a half-century old, but as yet not finally 
solved, hematologic problem. The present work was started 
with tin's end in view and is based on observations carried out. 
during the autumn of 1947 and the spring of 1918. 

It is a great pleasure to me to offer my sincere thanks to 
my honoured chief and teacher. Professor Ivau Waj i.grkn, 
M.D., for the interest he has taken in my work. He has not only 
given me the idea, but also aided me with his great experience 
during the course of the observations, and through almost daily 
discussions and critical inspection of details he has contributed 
decisively to the production of this work. 

I wish to express my gratitude to my father, Professor 
Fred r ik Sai.tzman, M.D., for giving me the opportunity of 
collecting the bigger part of the bone-marrow material necessary 
to the investigation, at the Medical Department 0 f Marik 
Hospital m Helsingfors. I wish also to thank him f„ r much 
valuable advice imbued with his great hematologic experience 
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It is a pleasure to me to thank Professor Bertel von Bons- 
dorff, M.D. and Docent Guido Totterman, M.D., for the 
valuable bone-marrow material from their respective clinics, 
which they have placed at my disposal. 

In' this way I also wish to convey my thanks to all others 
who have helped me in my work. 

My thanks are due to Mrs. Greta Sargeant, who has trans- 
lated this communication into English. 

The investigations have been financially facilitated by trav- 
elling grants from Helsingfors University, and contributions 
from »Svenska Finlands folktingsfullmaktiges vetenskapliga 
centralrad». 

Stockholm, September 1948. 


Georg-Fredrik Saltzman. 
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I. Introduction. 


The question of the discovery of blood platelets has not 
been definitely settled. As it has not been established with 
certainty by whom they were first observed, the exact time 
of the discover}' is also uncertain. In many quarters DONXK, 
1842, is considered to be the first. He did probably observe plat- 
elets, but many facts indicate that he included among them 
elements which according to later investigators should not be 
referred to this group. Zimmerman, in 18-17, probably observed 
platelets, but he also seems to have drawn too broad limits. 
The same applies to a number of other investigators fScHUi.TZE, 
Riess (343), Ranvter, and others] during the next three decades. 

Present-day investigators are agreed that platelets as a 
properly defined element according to the opinion now prevail- 
ing, were first described by Hayem, 1878, and Bizzozero, 1882. 
The former should be regarded as the first; the latter’s concep- 
tion of platelets as a pre-formed constituent of the blood 
approached the results of present-day investigations, although 
it was subjected to sharp criticism during several decades. 

It seems most appropriate to begin the historical survey 
of the literature with the epoch ushered in by the two above- 
mentioned authors. From that period it was for the first time 
possible for the investigators to furnish valuable contributions 
to the question of the origin of platelets, as from then on plat- 
elets could be distinguished fiom other platelet-like elements. 

As platelets, however, have comparatively few characteris- 
tic features, the investigators of recent times have also encount- 
ered difficulties, whether the examination was done with stained 
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or unstained, native or fixed preparations. It seems highly 
probable that also recent contributions to the question of the 
origin of platelets are based on the observation of platelet-like 
bodies, in many cases artefacts. Faulty optics, unsatisfactory 
production of preparations and inconsideration of pathologic 
variations seem to be the reasons why the discussion on the origin 
of platelets has become one of the liveliest in the field of hema- 
tology. Tocantins follows the same line of thought when he 
says, »To know what is not a platelet is perhaps equally as 
important as to know what is a platelet)). The border-line be- 
tween platelets and pseudoplatelets must be sharply defined. 
Experiences have shown that this seemingly naive statement is 
justified. It has been found necessary in the present communi- 
cation to revert to this question in different contexts. 



II. The history of the origin of platelets. 

Tlie literature on the origin of platelets is as extensive 
as it is varied. As it has ahead}' been reviewed by several in- 
vestigators, [Hittmair (202, 203), Rosenthal, Tocantins, 
and others], it would seem appropriate in the present commu- 
nication to refer extensively to these previous reviews. None 
of them, however, appear to be complete, except perhaps 
Hittmair’s review of the literature from 1 91 S — 1938. As the 
problem of the origin of platelets seems now to approach its solu- 
tion, I find it doubly justifiable to give, in all essentials, a review 
as complete as possible, of the literature on this long-lived 
debatable question, despite the fact that a small number of 
works have not been available to me. 

Ever since Hayem and Bizzozero in a conclusive maimer 
demonstrated that platelets are one of the three formed consti- 
tuents of the blood, contributions to the discussion on the origin 
of platelets have appeared continuously in the literature. 
Already these two pioneers expressed such widely differing 
opinions as to the nature of platelets that the problem became 
immediately the subject of intense study. 

Hayem, certainly, never advanced a definite view as to the 
origin of platelets, but he was on the whole the only spokesman 
for the theory that platelets, or hemoblasts as he called them, 
were precursors of the erythrocytes. Still in 1928 Hayem (183) 
maintained this opinion. 

Nor did Bizzozero express a definite view as to the origin. 
He considered, however, that the conception of platelets as ele- 
ments produced from white or red blood corpuscles should be 
discarded. Thus, according to him, platelets were a pre-formed 
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constituent of the blood. He did not share Hayem’s opinion, but 
in accordance with Hayem he seemed to find a relationship 
between platelets and the coagulation of the blood. 

Before long one theory after the other was started on the 
origin of platelets. Practically all cells imaginable have been 
designated as mother cells of platelets. In the literature the 
white and red blood corpuscles have played a prominent part in 
this respect, whereas many authors also claim that platelets are 
products of precipitation or independent cells. 

The most important theories will be described in the follow- 
ing in the chronologic order in which they were brought forth. 
It should be pointed out that the chronologic order has also been 
applied whenever several authors are mentioned in succession. 


1. Leukocytic origin. 

The »Dorpat School*), lead by Schmidt, were inspired by 
Bizzozero’s investigations, although they did not share his 
views. Schmidt’s students, Feiertag and Slevogt, observed 
platelet-like bodies which would originate from »die rothen Kor- 
nerkugelno (clumps of platelets?) which in their turn were con- 
sidered to be transitional stages between white and red blood 
corpuscles. This theory was modified by the Dorpat investiga- 
tors Heye and Rauschenbach who asserted that also white 
blood corpuscles were capable of producing platelets. Weigert 
agreed with the opinion of the Dorpat school under the belief 
that Bizzozero’s interpretation was conditioned by traumatic 
artefacts. Although these works were published after those of 
Hayem and Bizzozero, they are based on a conception which is 
so antiquated that it is difficult to judge the results obtained by 
these authors and to attach any considerable value to them. 

The theory that platelets originate from the leukocytes predo- 
minated for about one decade after Bizzozero. This fact is prin- 
cipally due to those authors who before 1878 more or less unani- 
mously advocated a leukocytic origin. (Schuetze, and others). 
Modern investigators are doubtful as to what these authors 
actually observed. Inefficient methods of examination and 
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perhaps also too deep faith in authority are the reasons why. this 
theory predominated for a relatively long period. 

In 1880—1890 several authors still upheld the view that 
platelets originate from leukocytes [Halla, Hlava, Lowit (267), 
Bilienfeld, Wernicki, Zenker], but in most of the works a 
degree of uncertainty may already be noticed. The theory was, 
indeed, modified by some authors. Whereas the cytoplasm of 
the white blood coqmscles had, throughout, been regarded as 
the original material, Bilienfeld attributed the origin of plat- 
elets to the nucleus of the leukocytes. Wernicki, according to 
Tocantins, attributed the origin of platelets to the eosinophilic 
granulocytes. 

The leukocytic theory has later reappeared sporadically with- 
out attracting many followers. Hei.ber (190) supported it, but 
changed his opinion considerably within a short time (191). 
The theory was later favoured by von Decastello & Krjukoff, 
Camunez & Dei. Puerto, Stocicinger and Stockinger & 
Maassen. Riess who already in 1S72 favoured a leukocytic 
origin, was still in 1921 disinclined to renounce this theory. 

Some authors in 1920 — 1930 pointed out similarities between 
platelets and leukocAdes. Certain serologic (Rosenthal & I'al- 
kenheim) and chemical (Kndres, P.nd res & Herget) similari- 
ties, as well as similarities with regard to the cataplioretic velo- 
city (Abramson) need not conflict with the modern megakaryo- 
cytie tli eon'. As is well known, the megakaryocytes and the 
leukocytes have a sufficient number of common properties to 
render the above-mentioned viewpoints applicable also to the 
former. 

Finally, a great number of authors consider that white blood 
coqmscles, normally or vicariously, beside other cells, may 
contribute to the formation of platelets. These hypotheses will 
be mentioned in oilier contexts. 


2. Platelets as products of precipitation. 

Despite the fact that already Bizzozero described platelets 
in circulating blood, Ki.eus, supported by Welti, started a 
th con* according to which no platelets, normally, are present 
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in the blood vessels. They would arise from erythrocytes only 
when the blood is shed. Sat.violi undertook an investigation of 
Welti’s experiments and did not find his arguments con- 
clusive. Low it (2G7) shared Klees’ and Wei.ti’s opinion that no 
platelets are normally present in circulating blood and that 
they arise as products of precipitation only when the blood 
leaves the blood stream. Lowit was not able to observe them in 
blood which had been collected direct in oil. He believed that 
the white blood corpuscles would give rise to at least the majo- 
rity of platelets. Later Wooldridge, according to Burker, 
expressed the same opinion. Piaxese and Cesaris Demei. (82) 
also believed that platelets were products of precipitation 
formed directly from the blood-plasma; platelets would, however, 
be present in intact blood vessels. According to the latter author, 
the precipitation was associated with the development of the 
promegakaryocyte into a mature megakaryocyte. 

A few other authors have held similar views. Buckmaster, 
Brockbaxk, Marixo [opposed by Dektjex (1)6)) and Schil- 
ling considered that the circulating blood was devoid of 
platelets. Stockixger partly in co-operation with Maassex, 
regarded platelets as a kind of detritus-masses, but maintained 
that they are also present in circulating blood. As mentioned 
above, the} - considered that platelets were derived from leuko- 
cytic substance, among other substances. Levy recently brought 
forth the hypothesis that ^platelets arc smaller or larger preci- 
pitations of fibrin around hematokonia, etc., in a clotting 
blood». 


3. Erythrocytic origin. 

With regard to the finer structures the difference between 
platelets and mature erythrocytes is considerable. In the mature 
red blood corpuscles there is no parallel to the granulation ob- 
served without difficulty in platelets, whereas the structure of 
the leukocytes is much more similar to that of platelets. There- 
fore, it seems rather strange that in the opinion of most hana- 
tologists the mature erythrocytes took the place of the leukocytes 
as the mother cells of platelets. 
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b. Nucleoid origin. 

The theory according to which platelets are derived from 
the nuclei of the nucleated red blood corpuscles has played an 
important part in the discussions on the origin of platelets. 
True, it has hardly convinced the majority of investigators at 
any time, but has, on the other hand, been a persistently dis- 
turbing factor. In the absence of conclusive counterevidence it 
has been kept alive for more than 50 years and has, up to the 
present time, called for consideration by critical investigators, 
also those who have held decidedly different opinions about the 
origin of platelets. 

The strongest argument for the theory is that it explains the 
fate of the nucleus of the normoblast. Around this argument are 
centered a number of works which support the theory with 
evidence based on morphological, comparative anatomical, 
chemical, experimental pathological and clinical observations. 
It would, undoubtedly, have been possible to give most of the 
observations interpretations which harmonize with other theo- 
ries, but the fact remains that direct and conclusive counter- 
evidence is lacking. 

Besides Affanasiew, also Gibson and Engel, at an early 
date, upheld the view that platelets originate from the cell nuc- 
leus. The theory received only scant support until Maximow and 
Pappenheim almost simultaneously renewed this attempt at 
explaining the origin of platelets. Their opinions, however, 
differed considerably. Maximow considered that the whole 
nucleus of the normoblast, when sufficiently mature, gave rise to 
platelets, whereas Pappenheim proposed that the biggest part 
of the nucleus disintegrated intracellularly, and only a small 
remnant of the nucleus was extruded as a platelet. Hirsch- 
feld favoured Pappenheim’s opinion. In a detailed communica- 
tion Preisich & Heim give a fairly comprehensive account of 
their viewpoint which, on the whole, harmonized with Maxi- 
mow’s. Platelets are found only in blood which contains non- 
nucleated red blood corpuscles, that is in mammalian blood. 
Platelets consist of nuclear substances or, at least, contain 
an abundance of them. In the interior of the erythrocytes 
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in stained, blood preparations these authors claim to have 
observed platelets arranged like nuclei. HELBER (191), later, 
abandoned his conception of the leukocytes as the origin of true 
platelets and attributed it to the nucleus of the normoblast. 

Schilling is the most energetic defender of the theory that 
platelets originate from the nucleus of the normoblast. In his 
two principal works (371, 373) he presents exhaustive and com- 
prehensive, chiefly indirect, arguments. He claims, indeed, that 
he in native preparations examined in dark-ground illumination 
has been able to witness, in exceptional cases, the extrusion of 
the nucleus of the normoblast and its transformation into a 
platelet. 

Schilling holds that normal circulating blood contains 
no, or possibl) r a few, platelets. According to him some of the 
red blood corpuscles are, normally, nucleated or contain rem- 
nants of a nucleus, but this nuclear substance is extruded rapidly 
and gives rise to platelets, when the blood leaves the blood ves- 
sels. In order to prevent this extrusion of nuclei, he applies a 
method of rapid fixation (373), by means of which he, so to speak, 
catches the platelets on the run, on their way out of the red 
blood corpuscle. He even claims to have observed them right in- 
side some erythrocytes. Chemical and clinical observations are 
quoted as further evidence for the theory. Schilling realizes 
that his argument is not altogether conclusive, and he has 
become more cautious with }'ears. Still in 1943, (382), however, 
he considered his opinion to be justified, so long as there are 
no decisive evidence for any other theory on the origin of 
platelets or the fate of the nucleus of the normoblast. 

Schilling, however, is not the only author who has sup- 
ported the theory after 1912. Winogkadow, in a case of per- 
nicious anemia, and Bofinger in a case of spotted fever, observ- 
ed pictures which in their opinion indicated that platelets ori- 
ginate from nuclei of nonnoblasts. Arndt, Duesberg and 
Mathis also uphold this view. Voit & Kempa have made 
chemical observations in favour of Schilling's theory. Hekma 
regards platelets as a product of undefined nature, arisen 
through some kind of interaction between the nucleus and the 
cytoplasm of the normoblast. 
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During the last decade the theory has again become the 
focus of interest through 0rskov’s investigations. According to 
0rskov, whose theory is a modification of Schilling's, plat- 
elets consist of the nuclear membranes -f some nuclear stroma. 
Platelets are formed in the bone marrow and are a normal con- 
stituent of the circulating blood. This opinion is based chiefly 
on studies of peripheral blood in cases of combined phenyl- 
hydrazine-lead poisoning, where according to 0rskov, all tran- 
sitional stages from nuclei of normoblasts to platelets may 
be observed. He also presents other, more indirect, evidence. 
Marcussen supports 0rskov’s theory. 


4. Combined erythrocytic and leukocytic origin. 

So far as I can find, Muller was the first to advocate that 
platelets originate from red as well as white blood corpuscles. 
According to him, most platelets are derived from the red blood 
corpuscles. Schwalbe, later, -was the chief spokesman for this 
theory in a series of communications, partly in co-operation with 
Solley. I-Iis strongest defence against other views was that he 
claimed to have observed formation of platelets in doubly ligated 
portions of blood vessels. He also regarded the erythrocytes as 
the chief mother cells of platelets. WeidENREICH (478 — 483), 
vSchkeider, Martelli and Retterer favoured this opinion, 
the first -mentioned author emphasizing strongly the 'erythrocy- 
tic origin. Also Grawitz advocated a double origin. He consi- 
dered, however, that platelets originate from the., nuclear sub- 
stance of red and white blood corpuscles. VON BAumgarten 
was more doubtful. He claimed to have observed platelet-like 
fragments of white as well as red blood corpuscles, but, neverthe- 
less, he did not consider it to be proved that they were iden- 
tical with true platelets. Derewenko was never able to demon- 
strate a relationship between red and white blood corpuscles on 
the one hand, and platelets on the other. Castronuovo & 
Spirito, according to Rosenthal, considered that white and 
red blood corpuscles and also endothelial cells were capable of 

producing platelets. 
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5. Platelets as independent cells. 

Already Bizzozero considered tliat platelets were elements 
independent of red and white blood corpuscles. His view received 
only scant consideration during a couple of decades. He was 
not, however, altogether without followers. Schimmeebusch (see 
also Eberth & Schimmelbusch), Laker, Aschoff (18), Lav- 
dovsky and Sacerdotti, in their investigations, made no find- 
ings indicating that platelets were produced by any other com- 
ponent of the circulating blood. Deetjen, in 1901, revived this 
theory in a modified form, according to which platelets were 
complete cells. He was supported in rapid succession by Dek- 
huyzEN, Kopsch and Argutinsky. Also Burker, Rosin & 
Bibergeil and Zurheele considered that platelets were inde- 
pendent of other elements of the blood. The French authors, 
Le Sourd & Pagniez (420), A chard & Aynaud and Cour- 
mont & Andre, later, supported the theory of platelets as 
independent cells. The two last-mentioned authors who claimed 
to have observed an increase in the number of platelets in vitro, 
met udth immediate opposition from Vaouez, Achard and 
Mayer. 

The conception of platelets as cells was then forgotten for 
another decade. After that. Roulet, Perroncito and van Her- 
werdEn appeared as its spokesmen. Perroncito even claimed 
to have observed platelets in mitotic division. Estrada, Bur- 
ker, Schaeffer and Fonio, still quite recently, regarded plat- 
elets as cells. Later, Fonig in co-operation with SchwendEner, 
spoke very cautiously on the subject, but seemed inclined to 
regard platelets as cells. Petersen is the only author of text- 
books, who has favoured this opinion. 

The authors of all these works refrain from expressing an 
opinion on the origin of platelets. They all confine themselves 
to opposing the idea of a relationship with other elements of the 
circulating blood. Many of the authors mentioned in this chapter 
have designated platelets as thrombocytes. This designation has 
later been used frequently also by authors who did not regard 
platelets as complete cells. As, however, the term »thrombocyte» 
is likely to cause misunderstanding, I have tried to avoid it. 


2 
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6. Megakaryocytic origin. 

According to the theory which now has the greatest num- 
ber of followers, platelets originate from the megakaryocytes. 
Many investigators consider the battle already settled in favour 
of this theory. It is borne out by a multitude of evidence which, 
however, seems to be more or less indirect. J. EL Wright is the 
originator of the theory and it bears his name in the literature. 

It may perhaps be of some interest to mention a few authors 
who already before Wright seem to have approached the same 
view. I’OA & Carbone, in 1889, observed in the spleen large 
cells in the protoplasm of which they appear tor have noticed 
platelet-like bodies. Czermack, 1893, attributed the origin of 
platelets to »Keimzellen» which he considered probably iden- 
tical with the megakaryocytes. He proposes that the nucleus as 
well as the protoplasm supplies the material. Heidenhain, in 
1894, believed that he observed zones in the centre of the mega- 
karyocytes, of which at least the peripheral were able to disin- 
tegrate. He considered that the megakaryocytes were connected 
with the formation of blood. They were, however, incapable. of 
producing either red or white blood corpuscles. 

These publications, however, seem to be of merely historical 
interest. Wright has scarcely been influenced by them in any 
noteworthy degree. His first two communications on this sub- 
ject appeared in 1906. He based his theory chiefly on examina- 
tions of bone-marrow slides from different mammals and man. 
He observed in them megakaryocytes . which were situated 
extr avascul arly ; into the vessels, however, protruded pseudo- 
pods from which were constricted off portions of cytoplasm 
exactly resembling platelets. He also observed on the heating 
table protoplasmatic movements along the periphery of the 
megakaryocytes, which were identical with the movements seen 
along the edge of the platelets. He pointed out the fact that 
megakaryocytes and platelets occur parallel in the mammals 
(but not in other animals), that they develop simultaneously 
during fetal life, and finahy, that certain parallels in regard to 
frequency" may be observed in pathologic conditions. 
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Wright’s theory became immediately the object of great in- 
terest and control investigations on animals were started. 
Bunting, Schridde and Ogata supported the theory emphatic- 
ally on the basis of such investigations. Prominent authors, 
Aschoff, Downey and Naegeli, among others, supported 
already at an early date Wright’s opinion on the basis of their 
own investigations. Cesaris Demel (79) seems to have been 
the first Italian author to uphold Wright’s views, although he 
later modified his attitude. Also other authors (Reibel, Brown, 
Klein) found the theory correct but questioned the possibilities 
of a parallel origin. Also Oelhafen favoured the view, although 
he was doubtful on certain points. Le Sourd & Pagniez (421), 
at an early date, abandoned their conception of platelets as 
independent cells in favour of Wright’s theory. Weidenreich 
(484) who had earlier claimed that platelets originate from 
red as well as white blood corpuscles, was also at an early date 
found among the followers of Wright. There was, however, no 
lack of criticism. Schwalbe (408) and Deetjen (95) who con- 
sidered that their theories were seriously threatened, could not 
adopt the new conception. Also Askanazy (24), von Gierke 
and Sternberg, at first, rejected the theory. Schwalbe, 
however, was disinclined to rule out altogether the possibility 
that some platelets may originate from the megakaryocjTes. 

Towards the end of the first world war and particularly 
after it an exceedingly great number of works were published in 
support of Wright’s theory. The extensive literature seems to 
be out of proportion to the modest contributions that after 
Wright’s appearance were made in support of his theory. This 
fact together with the difficulty in' assessing the value of the 
results published, renders it difficult to make a clear and ex- 
haustive suivey. vSome of the findings which in my opinion are 
the most important ones, may, however, be quoted briefly. 

A number of authors (FoA, Di Guglielmo, Wittkower, 
Herzog & Roscher, I-Iartmann, Betances, Fontana, Rotiier- 
mel, de Oliveira, Kingsley, Rohr, Rohr & Roller, du 
Bois, Galinowski, Malamos, Schenker, de la Fuente) 
described typical so-called Wright pictures, that is, observations 
in which they seemed to notice a phase of the pinching off of 
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platelets from the cytoplasm of megakaryocytes. These pict- 
ures were at first observed in slides, but were later seen also in 
smears. Already Naegeli (298) claimed to have observed plat- 
elet-producing megakaryocytes in smears from peripheral blood 
from patients with myeloid leukemia, polycythemia, indeed, 
in exceptional cases also in the blood of patients with leukocy- 
tosis. Kaznerson (230), later, observed Wright pictures in 
peripheral blood from a patient with hemolytic jaundice and 
also Minot has published pictures of apparently'- platelet-pro- 
ducing megakaryocytes in smears of ' blood. As evidence in 
support of Wright’s theory, Soderstrom and Undritz & 
Rothlin, recently, pointed out the agglutinability characteristic 
of both megakaryocytes and platelets, with special emphasis on 
the important fact that true Wright pictures must not be con- 
fused with findings conditioned by temporary’- agglutination be- 
tween these two elements. 

Some years ago Schrosshardt -& .Heirmeyer on examina- 
tion with the »Tumiiuscensmikroskop» observed great similarities 
between platelets and megakaryocytes . 

Chemical similarities between megakaryocytes and plat- 
elets have also been mentioned as evidence in support of the 
theory. In two works (434,435), the latter in co-operation with 
Horstmann and Hirsnitz, Stahl who was already a follower 
of Wright, reported a specific reaction on iodine impreg- 
nation, common to megakaryocydes and platelets. According to 
von Rokay, however, the results of a control investigation 
did not indicate a common reaction to iodine. Vasaturo, 
however, according to Whitby & Britton, reached the same 
conclusions as Stahl and his collaborators. According to Corra- 
detti, the granules of megakaryocytes and platelets react in a 
specific manner to hydrochloric acid. The similarity with 
regard to the stainability of the granules, which was emphasized 
particularly by Frey and Askanazy (26), should also be men- 
tioned here. Katsanuma points out in particular similarities 
with regard to oxidase granules and Altmann’s granules. The 
common feature of all these more or less chemical works is that 
they bear out Wright’s theory'- and present remarkable argu- 
ments against Schilling’s views. 
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Rosenthal & Falkenheim, Bianchini, Grunbaum and 
Tocantins & Stewart interpreted serologic similarities between 
megakaryocytes and platelets as evidence of a megakaryocytic 
origin. Although the two first-mentioned authors did not obtain 
specific reactions, they thought that they were able to demon- 
strate that platelets and erythrocytes have nothing in common. 
Thus they considered that they were justified in disregarding 
the only theory which in their opinion may have competed, 
reasonably, with Wright's theory. Cole, already in 1907, 
claimed, on the basis of serologic examinations, that every 
connection between platelets and red blood corpuscles may 
be ruled out. Bedson, also on the basis of serologic examina- 
tions, doubted that platelets were related, genetically, to any of 
the other elements in peripheral blood, without entering into 
further discussion on the origin of platelets. 

Experiments to check or to promote the formation of plat- 
elets by means of poisons have given further support to Wright's 
theory. Seeliger, partly in co-operation with Gorke, carried 
out experiments with pepton poisoning and made valuable 
findings in favour of Wright’s theory. In their investigations 
they noticed a simultaneous decrease and increase in the number 
of platelets and megakaryocytes. Firket made similar obser- 
vations in his experiments with saponin poisoning, which he 
carried out partly in co-operation with Campos. Medlar, also 
in co-operation with Hornbaker and Ordway, obtained the 
same results as Firket in their experiments with saponin poi- 
soning, and found further evidence in experimental poisoning 
with benzol. Weiskotten & Wyatt & Gibbs, in their experi- 
ments with benzol injections, also obtained results which 
harmonized^ with Wright’s .theory. Finally, Bernard, by 
injecting tar, was able to check tire formation of leukocytes as 
well as erythrocytes without affecting the formation of plat- 
elets. Turciiini & Gvozdieva, however, were not able to de- 
monstrate a relationship between m eg ak ary o cyt es and platelets 
in experimental injections with saponin, pilocarpine and pyri- 
dine. 

Ekerfors, on administering neosalvarsan, and H adorn, on 
administration of sedormid in ordinary doses, produced dis- 
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tinct parallel changes in the number of megakaryocytes and 
platelets. 

F abri crus -M0EEER has made a comprehensive study of the 
effect of the roentgen rays on the formation of platelets. He also 
observed distinct and parallel changes in the number of mega- 
karyocytes and platelets. Gunn, on radiation with ultraviolet 
light waves, made similar observations. In studies of the propor- 
tion between the number of megakaryocytes and platelets in 
specific infections he found further evidence for Wright's 
theory. 

Italian hematologists have studied platelets in experiment- 
ally produced asphyxia in animals. Bianchini, Lega and 
Franconi made observations which seemed to them to indi- 
cate a genetic relationship between megakaryocytes and plat- 
elets. Petri, on the other hand, in a large series of experiments 
including, for instance, asphyxia and various arrangements for 
venesection, obtained results which made him disagree definitely 
with Wright’s theory. His arguments were criticised by Frey 
(154) and Kauffman. They did not consider them to be accept- 
able reasons for rejecting Wright’s theory. 

Clinical investigations have also furnished some fairly im- 
portant evidence in support of Wright’s theory. Long before he 
supported the precipitation theory, Cesaris DEMEE (80), on 
the basis of studies on leukemia, described similarities between 
megakaryocytes and platelets. Also Bacalogeu & Tudoran 
and ArnETH drew their conclusions on the basis of investiga- 
tions on leukemia. 

Geanzmann, Gaspar, Knole, Daeea Voeta and Zitzmann 
have described cases w r here platelets and megakaryocytes 
decreased in number, or disappeared, simultaneously. The two 
first-mentioned authors regarded their cases as ordinary cases 
of essential thrombocytopenia (Werlhof’s disease) and found 
in them evidence for Wright’s theory 7 , 

Frank, however, noticed that the number of megakaryocy- 
tes need not at all be reduced in Werlhof’s disease. On the con- 
trary 7 , these cells are as a rule exceptionally numerous. According 
to Frank, this fact need by no means be used as an argu- 
ment against Wright’s theory, as it had been for obvious rea- 
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sons. On the- contrary, Frank supported whole-heartedly 
Wright’s views, arguing that the megakaryocytes were abnor- 
mal and incapable of producing platelets in the normal manner. 
According to him, the increase in the number of megakaryocy- 
tes was purefy compensatory. Franks's opinion was later corro- 
borated by Seeliger who found abnormal megakaryocytes in 
typical cases of Werlliof’s disease. Jedlicka, EllmeR, Gerlach, 
SchminkE, Samek & Archi and Eeitner (258) on the basis 
of their own investigations, also supported Frank’s opinion. 

Kaznelson opposed the above-mentioned theories on the 
blood and bone-marrow findings in Werlhof’s disease. He did 
not believe that the megakaryocytes w T ere injured in essential 
thrombocytopenia but attributed the low number of platelets 
to an increased disintegration of platelets. Foerster held a simi- 
lar view. This conception did not prevent Kaznelson (237) from 
presenting one of the most important clinical facts in evidence 
of Wright’s theory. He studied a case where the formation of 
leukocytes and erythrocytes was completely checked. The 
platelet formation, however, was normal and the usual number 
of megakaryocytes was observed. Baar and Heilmeyer, later, 
reported similar cases. 

This is not the place to discuss in detail the different theories 
on the pathogenesis of essential thrombocytopenia. It may be 
established, however, that the three conceptions which favour 
megakaryocytopenia, m eg ak ary o cyt op atliy and increased dis- 
integration of platelets, respectively, have one common feature 
that is of importance in this connection. The} - all bear out the 
assumption that platelets originate from the megakaryocytes. 

Cartwright & Ciiung & Chang, recently, in cases of kala- 
azar with pancytopenia, found a decrease in the number of 
platelets and simultaneously a reduced ability of the megakaryo- 
cytes to produce platelets. 

Cases with an increased number of platelets have also been 
used as arguments for Wright’s theory. Epstein & Goedel, 
Hamaguchi & Akazaki, Uotila, Reid, Owen, Leitner (257), 
Soderstrom and Mortensen have reported cases with a 
marked increase in the number of platelets as well as mega- 
karyocytes. This increase in the number of platelets and mega- 
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karyocytes has also been found to be usual in polycythemia 
vera, although in this disease they seldom reach the same 
extreme numbers as in the above-mentioned cases. It should 
be mentioned here, however, that an increase in the number 
of platelets without a corresponding increase of megakaryocytes 
has also been observed, particularly in patients with myeloid 
leukemia. In these cases, however, the increase in the number 
of platelets may have been conditioned by pseudoplatelets 
(Birch). 

Frey (154), on examination of a large material comprising 
different diseases, noted a general consistency between the 
number of platelets and the number of active megakaryocytes. 
Jurgens & Graupner observed obviously parallel patho- 
logic changes in megakaryocytes and platelets. 

Glanzmann in cases of hereditary hemorrhagic thromb- 
asthenia, observed large platelets, whereas some of the mega- 
karyocytes showed areas the size of these platelets. Besides 
other changes in the blood, also Hegglin, quite recently, 
observed in a patient large platelets, whereas all the mega- 
karyocytes which appeared to be ready to produce platelets, 
were seemingly divided into areas the size of the large platelets. 
It would seem rather far-fetched to regard these observations 
as conditioned by a coincidence. 

Slight modifications have been proposed. Willi and Sciienker 
held that also the promegakaryocytes were capable of producing 
platelets. The former asserted, indeed, that they would produce 
even more platelets than the mature megakaryocytes. 

Several authors found it difficult to combine Wright's 
theory' with their own observations that platelets on staining 
give reactions typical of the cell nucleus, a fact which has been 
pointed out, most recently', by- Voit and his collaborators, and 
Sciienker. Rohr & Roller were also able to demonstrate nuc- 
lear substance in platelets and assumed that the nucleus of the 
megakaryocyte, together with the cytoplasm, would take part 
in the formation of platelets. Later, Malamos upheld this opi- 
nion. Storti & Storti, on the other hand, were not able to 
demonstrate nuclear substance in platelets. Another argument 
against Wright’s theory', the difficulty’ in recognizing typical 
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Wright pictures, was met by Rohr & Roller with the hypo- 
thesis that the megakaryocytes would break up into platelets 
with explosion-like rapidity. 

MarchESINi tried to combine the theories of a megakaryo- 
cyte and an erythrocytic origin. According to him platelets 
arise from disintegrating red blood corpuscles extruded from 
the megakaryocytes and pliagocytosed previously by them. 

Numerous other authors have also supported the theory 
that platelets originate from the megakaryocytes. I do not 
intend to discuss their works but will only mention the 
names Benecke, Gazetti, Castronuovo, Gaviati, Slawik, 
Klaschen, Reitano, Demmer, Sabin, Ferrata, Morawitz, 
Claeson, Kritschewsky & Tsciierikower, Rentz, Volterra, 
Mackay, Bock, Gorog, Brugsch, Wahlberg, Introzzi, 
Bemelmans, Nordenson (304), Storti, Jurgens, Fleisch- 
h acker & Walterskirchen, Schulten, Tocantins, Thaddea 
& Bakalos, Java, Mossberg, Wislocki & Bunting & Demp- 
sey, ICaiirs and Sciirumpe (392), all of whom displayed a 
positive attitude to Wright’s theory. It seems to me, however, 
that their works have scarcely added an}* significant contribu- 
tions to the discussion on the origin of platelets. 

Those few authors of textbooks, who have been unable to 
agree with Wright's theory, [Grawitz, Hirschfeld (199), 
Schilling (380, 3S1), Petersen], have been mentioned elsewhere 
in this communication. Burnham refrained from expressing a 
definite view on the subject of the origin of platelets, but 
seemed most inclined to believe in an erythrocytic origin. The 
great majority regard the question of the origin of platelets 
as more or less finally solved through Wright’s theory [Rosin, 
Meulengraciit & Gram, Frank (152), Piney, Naegeli (300), 
Bunting (68), Rosenthal, Gram, Rohr (349), Kracke, 
Osgood, Arneth (11), Heilmeyer, Piney & Wyard, Wintrobe, 
Boyd, Eiirstrom, Kienle, Thaddea, Fowler, Leitner 
(258), Sciirumpe (391), Whitby & Britton]. A few authors, 
Hirschfeld & Hittmair, Tannenberg & Fischer- Wasels and 
Schulten (394, 395), speak with caution, but regard Wright’s 
theory as the most probable. Nordenson, who in his early 
textbooks (305, 306) favoured Wright’s opinion, proposes in 
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bis latest edition (306 a) that platelets are formed from reticulo- 
endothelial cells besides megakaryocytes. 

Most authors consider that »the birthplace of platelets*, to 
quote the expression used by. Frank, is the bone-marrow. 
Already Wright, however, proposed that also the megakaryo- 
cytes of the spleen were capable of producing platelets. This 
opinion was later supported by Brown,. Be Sourd & Pagniez 
(421), Cesaris Demel (81), Firket, Aschoff (23) and Bock, 
among others, whereas Bedson & Johnston found no indi- 
cations of this mode of formation, at least in normal cases. 
Howell & Donahue are the only authors who hold that the 
majority of platelets are derived from the megakaryocytes in 
the lungs. Jordan (220) and Fidlar & Waters investigated 
this hypothesis and reached a different opinion. BetancEs 
claimed that platelets at the embryonic stage were produced 
by the megakaryocytes of the liver. Mackay, without giving a 
closer definition of his opinion, considered that the bone-marrow, 
normally, was capable of producing platelets, but that also 
other organs may partake in the formation under conditions of 
an increased demand for platelets. 

7. Various theories. 

As a final group of hypotheses may be mentioned those 
which have received no noteworthy support in the literature. 
This, however, is the only feature they have in common. They 
should rather be regarded as a collection of extremes in the 
extensive and varied literature on this subject. 

Some authors claim that also other cells besides megakaryo- 
cytes are capable of producing platelets. A number of authors 
consider that also »polykaryocytes» (osteoclasts?) besides the 
megakaryocytes, are mother cells of platelets [Cesa Bianchi, 
Bianchini, Di Guglielmo (173), Morone, Fontana, Gan- 
dolfo, Rosenthal, Damashek & Miller]. The hypothesis 
was opposed by Lapidari and Undritz & Rothlin. Rubarsch 
believed that platelets were produced by many different cells, 
red blood corpuscles and megakaryocytes being the chief mother 
cells. Brown emphasized that the megakaryocytes are the most 
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important mother cells of platelets but attributed the origin of 
platelets also to hyperplastic endothelial cells in the marrow and 
mononuclear and transitional cells in the marrow, spleen and 
blood. A similar view was held b} r Spadolini according to 
whom platelets originate from megakaryocytes, monocytes and 
endothelial cells, among other cells. He mentioned, in particular, 
the spleen as the source of the formation and emphasized 
that platelets contain nuclear substance. Bunting (67) and 
Kuczynski considered that lymphocytes and plasma-cells may 
take part in the formation of platelets, together with the mega- 
karyocytes. Bunting proposed that all leukocytes were capable 
of producing platelets, but only vicariously, however, in cer- 
tain pathologic conditions. According to Komocki, all mono- 
nuclear leukocytes, among which he seemed to include also the 
m eg akary o cy t es , are capable of producing platelets. Woodcock 
attributes the origin of platelets to megakaryocytes and mono- 
cytes. Martelli seemed to be of the opinion that practically 
all cells present in blood and bonc-marroio , including naturalty 
the megakaryoc)i:es, are capable of producing platelets. Stoc- 
kinger & Maassen believed that all cells of the mesenchyma 
were capable of producing platelets. Klein supported princip- 
ally Wright’s theory, but attributed the origin of platelets 
also to a cell form described by him, »die Myelogonie». Watzka 
considered that platelets are derived from endothelial and reti- 
cular cells, although he believed that the majority originate 
from the megakaryocytes. Sampson & Kerr & Simpson, 
although on the whole supporting Wright’s theory, believed 
that they were able to demonstrate vicarious formation of 
platelets from macrophages in puqiura in conjunction with 
septicemia. Fabris considered that a so-called hcmocytogenetic 
form of Kupfcr's cells would give rise to platelets in platelet 
deficienc) r . 

Dominici and Flossner believed that platelets originate 
from lymphocytes. Jordan & Speidel also attributed the origin 
of platelets to lymphoid cells in the frog and salamanders. 
Levi regarded monocytes in the spleen and lymph nodes as mother 
cells of platelets. Already Mosen considered that platelets ori- 
ginate, principally, from, endothelial cells. This opinion was later 
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supported by Patella and Aynaud. Martino attributed the 
origin of platelets to reticular cells, whereas Mariconda and 
Ciotola regarded histiocytes as mother cells. 

Blacher and Livadas claim to have observed quite new 
mother cells of platelets. The former considered that his throm- 
boblast was an atypical bone-marrow cell. The latter observed 
his thrombocytoblast in rabbit’s blood. These cells would not be 
identical with the megakaryocyte. 

Finally, Portier brought forth the curious hypothesis that 
platelets were some kind of microbes (»Les symbiotes») . 

For the sake of completion it should be mentioned that 
several authors (Stubel, Erede, Schilsky, Hummel, Petri, 
Barta, Segerdahl) who made the origin of platelets the object 
of their own investigations, were unable to form a definite opinion 
on the subject. 


8. Discussion on the bibliography of the origin 
of blood platelets. 

As seen in the foregoing, the question of the origin of plat- 
elets has given rise to an extensive literature. Attempts have 
been made to attribute the origin of platelets to almost ever } 7 
possible cell in the blood and the blood-producing organs. Un- 
fortunately, many works are incomplete and the full value of 
them can therefore not be assessed. 

It is, however, quite obvious that the majority 7 of hemato- 
logists favour Wright’s theory. It is also obvious that many of 
Wright’s followers regard his theory as the most plausible 
although as yet not finally corroborated. The Wright pictures, 
Kaznelson’s clinical evidence, the agglutinability common to 
megakaryocytes and platelets, and the whole mosaic of other 
evidence, render the accuracy of the theory extremely probable. 
The fact remains, however, that, altogether, the evidence is of a 
more or less indirect nature. In order to provide the decisive 
evidence for Wright’s theory 7 , the formation of platelets from 
megakaryocytes must be observed directly 7 . F ieschi & Astaldi 
tried without success to observe.it in bone-marrow cultures. 
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Of all the other theories, vSchilling’s theory and its modi- 
fications is the only one which, hitherto, has been regarded as a 
possible alternative. This theory' has received much opposition, 
but rests, nevertheless, on many acceptable arguments. Quite 
objectively, however, it must be admitted that the evidence is 
more indirect than in the case of Wright’s theory'. The idea 
that the used-up nucleus of the normoblast would have a new 
and important mission to fulfil also seems to conflict with 
elementary' biologic laws. Nevertheless, decisive evidence 
against Schilling’s theory is still lacking. 

The rest of the theories seem no longer to be of any' topical 
interest. The conception of platelets as cells has, in most quar- 
ters. been abandoned, and it has been found that the structure 
of platelets argues against formation from mature red blood 
corpuscles or through precipitation. Nor are the leukocytes 
mentioned any longer as possible mother cells of platelets. The 
rest of the hypotheses are interesting only as curiosities. 

The term pseudoplatelets has been introduced. With this is 
understood platelet-like bodies which lack the properties typical 
of true platelets. Downey and Birch asserted on good grounds 
that all platelet-like bodies which do not originate from the 
megakaryocytes, are pseudoplatelets. 

The prospect of future investigations seems principally' 
uncomplicated. It is a matter of following the whole process 
of the formation of platelets. On the other hand, it is matter of 
finding decisive evidence against Schilling’s theory, in other 
words, of giving a different explanation of the fate of the nucleus 
of the normoblast. The fact that such a great number of authors 
have attacked the problem indicates that it is not easily' solved. 
It seems to me, however, that renewed studies of platelets 
and bone-marrow cells on the basis of cell structures not con- 
sidered hitherto, would be worth while in the hope of bringing 
the investigations on the origin of platelets one step closer to 
the solution of the problem. 



III. The author’s investigations. 


The observations made in the present investigation are 
closely associated with I. Waeegren’s findings with regard to 
the microscopic structure of the living substance. In native pre- 
parations of blood which he examined in transmitted light, 
Waeegren observed that the cytoplasm of eosinophile and 
neutrophile granulocytes contained an abundance of small, pale 
refractive drops. The drops did not stain with vital stains and 
were always observed in the vicinity of other, vital stainable 
drops which also in an unstained condition appeared dark 
and were less refractive. Schurtze, already in 1865, made simi- 
lar observations in living leukocytes, although his findings have 
been forgotten. Waeegren, furthermore, found that the two 
kinds of drops were recognizable in most blood and bone- 
marrow cells in native preparations, and that they were observ- 
able also in fixed materials in different kinds of tissue cells. 

The white blood corpuscles have earlier been studied closely 
in native preparations by means of dark-ground illumination 
chiefly by Schilling (368), v. Jagic and A. Waeegren. The 
latter in particular devoted much time and interest to these 
investigations. In the cytoplasm of the leukocytes examined in 
dark-ground illumination, these investigators observed numer- 
ous luminous granules which they assumed to be identical with 
those seen as stained granules in transmitted light. I. Waeegren, 
however, found that the refractive drops described by Schuetze 
and him, shine also in dark-ground illumination; whereas the 
earlier known stainable drops are optically void. Thus, the 
latter drops appear black and are therefore less easy to detect. 
They have also been overlooked entirely in, dark-ground illu- 
mination by all previous investigators. 
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On the basis of his observations I. Warrgren (472) describes 
the microscopic structure of the cytoplasm as follows. 

»In the cytoplasma there are two different kinds of drops. The 
dark drops are less refractive than the surrounding medium. Due to 
optical reasons they seem to be black. They refract the light in the 
same way as concave lenses and do not draw the light to a spot when 
the tube is elevated. Adjoining them we see the pale drops which 
are more refractive than the surrounding medium. They are similar 
to convex lenses and appear distinctly when the tube is elevated 
because the light is collected to a white spot, a picture of the dia- 
phragm-opening above the drop. If we hold a characteristic object, for 
instance a pin head, before the diaphragm aperture a corresponding 
shadow appears above each of the pale drops. This is an optical 
proof of there actually being pale drops. The two kinds of drops are 
in motion hi the living substance, each one hi its own characteristic 
way. The pale drops often flow together and the dark drops commu- 
nicate by means of threadlike bridges. Thus there are two different 
lands of drop systems which are intimately mixed. » 

I. Watj.gr ex also observed that the dark and the pale drops 
in many cases change places in relation to each other, in those 
portions of the cytoplasm where the drops are abundant. In 
some parts of the cell body, however, where the drops have been 
isolated by the surrounding structureless hyaloplasm, the dark 
and the pale drops cling together stubbornly and stick to each 
other also after they have been extruded from the cell. Wai.l- 
gren therefore assumed that the two drop systems are carriers 
of different electric charges. 

I. Walegrex noted that also the cell nucleus and the Golgi 
apparatus were to a large extent built up of the double drop 
system. 

During my investigations I have, naturally, tried to form 
an opinion on I. Waij.grex’s observations. All the observations 
which have been cited above as evidence for Walegrex’s 
views, have been corroborated without difficulty. It has been 
particularly interesting to follow the movements of the granular 
substance. It seems to methat the above-mentioned obseivations 
cannot be explained unless the cell were built up of two different 
kinds of granules or drops. In the field of histology, I. Wall- 
grex appears to have made observations which cannot be 
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neglected without weighty reasons, especially as they have lead 
him to discoveries of considerable importance in cytologic and 
hematologic investigations. 

The structure of platelets and alterations in platelets in native 
preparations have been the subject of study on the basis of exa- 
minations in dark-ground illumination. Fonio & Schwendener, 
in a recent monograph, have discussed the question in detail. 
These investigations, however, have not brought the problem of 
the origin of platelets nearer its solution. So far as I can find, 
the megakaryocytes have been studied in dark-ground illu- 
mination only by Torrioei and his collaborators, who, however, 
appear to have made no particularly important contributions 
to the question. In the present investigation the first task was to 
compare the structure of platelets and megakaryocytes in dark- 
ground illumination. Further, I compared the development of 
these elements in native preparations, observingthe megakaryo- 
cytes in the hope of being able to witness the process of platelet 
formation from these cells. At the same time a comparison was 
made between the structure of platelets and that of all other 
normal constituents of the blood in order to find, as far as poss- 
ible, evidence for and against the different theories on the origin 
of platelets. 

The fact that the nucleus of the normoblast besides the 
cytoplasm of the megakaryocytes has been regarded as a pos- 
sible mother substance of platelets, gave, naturally, rise to the 
hope of finding a decisive explanation of the fate of this cell 
nucleus. I. Waelgren’s (472) investigations have also presented 
an opportunity in this respect, as this author has demonstrated 
that the development of the normoblast can be followed in bone- 
marrow preparations. Finally, Schieeing's and 0rskov’s 
observations, which are difficult to explain, have lead to control 
investigations. 


1. Material and technique. 

The plan of -work outlined above required a varied collection 
of examination material. The structure and development of 
platelets were first studied in peripheral blood. Megakaryo- 
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cytes an d normoblasts were examined in bone-marrow prepa- 
rations obtained b} r sternal puncture (according to Arinkin). 
The sternal punctates were obtained from healthy persons as 
well as from hospital patients. With regard to the hospital 
patients, no case was included where the megakaryocytes could 
be expected to have undergone previous pathologic changes, 
qualitatively or quantitatively. In most cases gastric or duo- 
denal ulcer was diagnosed. No qualitative or quantitative 
pathologic changes in the megakaryocytes were observed in any 
of the sternal punctates. Sternal puncture was performed on 
5 healthy persons and 25 hospital patients. 

The preparations were produced in the following manner. 
A small drop of blood or material obtained by sternal puncture 
was procured with the slightest possible trauma. The drop was 
allowed to spread and form the thinnest possible layer between 
the object glass and the cover glass, whereupon the cover glass 
was surrounded with vaseline. In the examinations of the bone- 
marrow ordinary smears were produced simultaneously, which 
v ere stained according to May-Griinwald-Giemsa. A total of 
150 native preparations of bone-marrow and a slightly smaller 
number of smears were examined. Vital staining with brilliant- 
cresyl-blue (Hollborn) was done in a few cases. 

On recapitulating Schilling’s and Orskov’s experiments 
the instructions given by these authors were followed as strictly 
as possible. The arrangements for the experiments will be de- 
scribed in detail later. 


In the examinations in dark-ground illumination Zeiss’ 
cardioid condenser was used with Leitz’ Monla lamp as the 
source of light. The optical system consisted as a rule of Zeiss’ 
apochromatic objective 120 W, nA 0.S5 X K 10, 15, or 20, 
When living cells are injured by light, filter OG 2 was used. 

In parallel studies in transmitted light, the light was obtained 
through Zeiss’ pancartic condenser, whereas the optic system 
consisted of Zeiss’ apochromatic objective II 1 90 X II 10, 1 5, or20. 

The photomicrograms were taken with a Zeiss Ikon Contax 
on Agfa Isopan I' and Ansco Color 235 film. On photographing 
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stained cells on dark-white film a dark green filter was inserted 
into the cone of light. 

Another noteworthy fact is that the examinations in dark- 
ground illumination require object glasses which are t hinn er 
than 1.2 — 1.3 mm. The glass must be of a thickness which 
allows the condenser to gather the light in a point at the level of 
the object studied, at least when the condenser is placed at 
maximal height. 


2. Observations on platelets. 

a. The structure of platelets. 

The structure of platelets, which appears in stained (e.g. 
May-Griinwald-Giemsa) smears in transmitted light, is well 
known. A granulated portion, so-called granulomere, may be 
distinguished from a structurless portion, so-called hyalomere. 
On the examination of the same preparation in dark-ground 
illumination a group of luminous granules may be seen at the 
site of the granulomere, whereas the hyalomere appears to be 
optically void (seefigs. 11 and 12). In these stained preparations 
the granules have a greenish hue. A number of authors regard 
the granulomere as a nucleus. This view was supported most 
recently by Fonio (142). 

In his latest communication I. Waelgren (472) demonstra- 
tes that the granulomere of platelets is built up of the double 
granular system described above (seepages 30 — 31), and that 
dark and pale drops intimately mixed are to be seen in this 
structure. 

Walxgren also points out the remarkable fact that the gra- 
nulomere covers a larger area in dark-ground illumination than 
in transmitted light. This seems to indicate that some dark 
drops, at least in the peripheral parts of the granulomere, do not 
stain. 

The investigations described in the following bear out Wall- 
gren’s observations. A few more details are perhaps worth 
mentioning. The granulomere of platelets, observed in dark- 
ground illumination, appears to contain different kinds of 
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luminous granules, larger and more luminous, smaller and less 
luminous forms of granules. Already Stubel made similar 
observations. Sabin also describes two kinds of granules, but it 
is difficult to decide whether he observed the same phenomenon. 
The size of these granules varies within limits which are the 
same for all platelets. As will be seen in the following, it has 
been possible for me, already on the basis of this fact, to establish 
significant differences between platelets and most other cell 
structures. I have not been able to judge the size of the dark 
granules with sufficient accuracy. No sign of a membrane of a 
nucleus has been found. In most cases the arrangement of the 
granules seemed to indicate that the granulomere is not a nuc- 
leus. The shape of the granulomere varied considerabfy in man} r 
cases. The structure of platelets was of the same appearance in 
stained and fixed as well as in native preparations on examina- 
tion in dark-ground illumination. The double granular system, 
that is, intimately mixed dark and pale drops, appeared to be 
distinctl)* observable in both preparations. 

Woli’ERS & Ruska examined the platelet structure in the 
electron microscope. They found that a larger number of granu- 
les are observed with this method than with the generally 
accepted technique. Otherwise, however, no important results 
in this field seem to have been obtained by their method. 

b. Changes in platelets in native preparations. 

The question whether platelets should be regarded as living 
elements is intimately associated with the changes in the shape 
of platelets and their finer structures. As may be seen from the 
historical survey, many authors consider that platelets are living 
elements, indeed, complete cells. A. Wallgren has defined the 
movements in the pale granular system of the cell, which are 
typical of the living cell substance, and I. Wallgren has 
described the movements characteristic of the dark granular 
system. He has never been able to observe movements in the 
drop system in platelets. 

The changes in shape which platelets undergo in native pre- 
parations, have since long been the object of general interest, al- 
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though, periodically, many discoveries have rested forgotten; 
Undoubtedly, already Hayem (182), in 1879, observed the for- 
mation of blisters, tjnpical of platelets. It has later been described 
by Puchberger, Rosin & Bibergeie, Nattan-Baerier, 
Stubee, GAspAr, Tait & Burke, Watson, Bosch, Fonio, Woe- 
pers & Rusk a, Sonder, Schwendener and I. Waeegren (472). 
It is obvious that several of the said authors have made their 
observations without being aware of the works of their predeces- 
sors. Woepers & Ruska regarded the blisters as vacuoles. Also 
von Neergaard appears to have observed them but seems to 
harm mistaken them for parasites. Bosch considered that cool- 
ing, contact with glass, etc., were the causes oi these phenomena. 

The earlier observations were made in transmitted light. The 
introduction of examinations in dark-ground illumination has 
greatly facilitated the observations. Stubee was the first to 
examine platelets in this kind of illumination. Fonio & Schwen- 
dener's monograph contains, largely, all that we know at 
present about the changes in platelets in native preparations. 

Fonio & Schwendener worked partly with whole blood, 
partly with blood free from leukocytes and erythrocytes. A 14 % 
solution of magnesium sulfate was added to the blood in order 
to prevent the agglutination of platelets. Immediately after the 
preparations had been produced, they lay like discs with sharp 
contours. Very soon short, bristle-like protrusions of protoplasm 
(»pseudopods») appeared, which were subsequently elongated 
and assumed double contours. The bases of the protrusions be- 
came gradually broader and the protrusions themselves disap- 
peared. Platelets now formed a granulated substance surrounded 
by a structureless seam. According to Fonio & Schwendener 
a »Ruheform» had developed from a »Reizform» (with spseudo- 
pods»). Bag-shaped pseudopod-like protrusions were then ob- 
served, which finally formed round blisters with a few granules 
in Brownian motion. For the sake of clarity it should be men- 
tioned that Fonio & Schwendener thus assumed that there 
were two kinds of pseudopods, the threadlike kind characteristic 
of the »Reizform», and the broad kind formed from the »Ruhe- 
form». According to them the said blisters consisted of platelet 
protoplasm (they were inclined to regard platelets as complete 
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cells) and may also develop directly without appearing first as 
pseudopod-like protrusions. The blisters could then be liberated 
from the remaining granulated substance. I. Waixgken (472), 
recently, described similar changes in platelets without being 
aw r are of the above-mentioned investigations. 

In my observations I worked principally with untreated 
blood. The preparations were placed as quickly as possible on 
the heating table of the microscope, which had a temperature 
of 37° C. The following observations w r ere recorded: 

When the preparation was ready for examination (about 1 
minute after the blood had been procured) all the platelets 
appeared rounded off without either narrow or broad pseudo- 
pods. A certain degree of agglutination of platelets was observed 
in some preparations. In all the preparations, however, most 
of the platelets were free. 

After approximately 2 — 3 minutes structureless seams or 
rims gradually spreading out, appeared about the platelets. 
Many platelets w'ere surrounded completely by these rims, but 
just as often they w r ere restricted to a part of the periphery. A 
small number of platelets never showed any rims, nor did they 
undergo an}* other changes. Whether these belong to the true 
platelets camiot, naturally, be decided with certainty, but the 
structure differed in no way from that of the others. In these 
preparations I was only exceptionally able to observe bodies 
resembling I'oxio & Sciiwendener’s threadlike »pseudopods». 

The rims grew 7 slowiy and irregularly and many of them 
gave the impression of pseudopods. They w r ere seen frequently 
to shrink temporarily, which strengthened the impression. 
When these »pseudopods» had readied a considerable size 
(% — 1 platelet diameter) one or a few r granules w r ere in many 
cases liberated from the granulated substance, to be shifted 
slowiy toward the periphery of the »pseudopod», where they to 
begin with lay more or less immobile. This phenomenon, however, 
was observed only in a small number of platelets. 

After 10 — 15 minutes (calculated from the time of the blood- 
letting), the first blisters began to appear. They arose visibly 
from the pseudopod-like bodies, but the development of blisters 
without a pseudopod-like phase was also observed. Schwen- 
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dener lias drawn attention to this fact. I find it dif ficult, 
however, to rule out the possibility that a pseudopod stage has 
been overlooked. 

When the growth of the blistei was completed, free granules 
present within the blister began to show Brownian movements. 
Some Brownian-moving granules appeared the moment the 
blister developed. Fonio & Schwendener found 2 — 4 leaping 
granules in each blister. This is a usual number but many more 
granules were observed fairly frequently. 1 have on different 
occasions seen blisters with 20 — 30 granules. Nor was it parti- 
cularly unusual to observe blisters in which not a single granule 
could be recognized, despite minute examination. 

Fonio & Schwendener, in their monograph, designate 
these blisters as »Protoplasmaringe». I found, however, that 
many platelets after the completion of the formation of the 
blisters had grown into many tunes the original size. Platelets 
may possibly contribute substance, but it seemed to me that 
they during the formation of rims and blisters definitely ab- 
sorbed material from the surroundings. This opinion has been 
advanced earlier by Wolpers & Ruska. I. Wallgren (472) has 
also expressed the same view. He points out the change in 
viscosity that apparently takes place during the formation of 
blisters and which is manifested distinctly in the Brownian 
movements of the granules. 

There seems to be some haziness as to the nature of the above- 
described changes in the platelets also in another respect. 
Should the growth of pseudopods and blisters be regarded as 
manifestations of life? According to Schwendener they are 
phenomena of decomposition. 

In order to throw some light on this question, certain expe- 
riments were carried out in which poisons were added and the 
preparations frozen. Among the poisons used in the experiments 
was magnesium sulfate (14 %), that is, a similar fluid to that 
used by Fonio & Schwendener in their investigations. This 
fluid, already in a relatively low concentration, destroys all white 
blood corpuscles. The amount of MgS0 4 per preparation 
used in the present experiments appears to be considerably 
smaller than that used by the said authors. No manifestations of 
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life however, were observed in any of the white Wood corpusdcs. 
The changes in the platelets themselves in these prcparo.li 
were identical with those described by Fos.0 ft ScnWKKnKNEh 
The thin .pseudopods, that they had observed, were a so see 
here. Broad pseudopods and blisters were present m the umj 

The same result was obtained on vital staining with brill iant- 
cresyl-blue. In weak concentrations this staining medium did 
not affect the manifestations of life in the white blood corpuscles, 
whereas, for instance, in the concentration used ordinarily m 
staining of reticulocytes it prevented even- sign of life. The 
changes in the platelets, the formation of pseudopods and blis- 
ters, however, proceeded in the normal maimer also in a high 
concentration. 

In order to be able to rule out even' possibility that the 
changes intheplatelets were manifestations of life, preparations to 
which potassium cyanide was added, were produced. Kqital volu- 
mes of blood and 3 % KCN were mixed. When the preparation 
was placed on the heating table of the microscope, numerous 
threadlike protrusions were seen on the platelets. They resembled 
exactly Foxio & Sciiwi; ndknkr’s »Reizform*. The broad pseudo- 
pods appealed after a few minutes, whereupon they gradually 
and somewhat slower perhaps than without the addition of 
poison, grew into typical blisters. 

The experiments with freezing were less well suited to 
illustrate this question. White blood corpuscles also retained 
their ability to show mo\ cm cuts of life over a period of freezing 
at 0°— about -5°C. On the other hand, very low temperatures 
caused changes in the preparations which were so marked as 
to render the observations difficult. It should be pointed out 
however, that freezing for 1 hour at - 5° C. did not affect the 

changes m the platelets after the preparation had been allowed 
to melt again. 

blisterTfw b< ; “ cntio,le<1 Ulat typical formation of 
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seen, now and then, to leave the platelet body, suddenly. When 
they had entered the blood-plasma these granules, or rather 
pairs of granules consisting of a dark and a pale drop, began to 
show Brownian movements, whereupon it became impossible to 
distinguish them from ordinary hemokonia. It seems probable 
to me that the increase in hemokonia, which was always noticed in 
native preparations, was due, partly, to the passing of the 
platelet granules into the blood-plasma. It was, however, certain 
that the platelets alone did not cause this increase. Differences 
in the size of the hemokonia and the fact that the formation 
of hemokonia from the most widely different blood cells could 
be observed showed that the hemokonia at least in native pre- 
parations were of varied origin. It seems to me, however, diffi- 
cult to determine to what extent hemokonia, on the whole, are 
present in circulating blood. Certainly, these investigations do 
not justify any definite conclusions as to the possible formation 
of hemokonia in vivo. Even the smallest trauma caused forma- 
tion of hemokonia in these native preparations and traumas 
may hardly be avoided altogether in the production of the pre- 
parations. It will be necessary to revert to this question later 
in this work. 

A description of the changes in the platelets in native prepa- 
rations would be incomplete without a few words about the 
relation of platelets to the formation of fibrin. The fibrin preci- 
pitation is more marked in some preparations than in others. 
As a general rule, however, it may be established that the fibrin 
arranges itself in a typical manner about the platelets and 
clumps of platelets. The fibrin does not precipitate about any 
other normal constituents of the peripheral blood. 


3. Pseudoplatelets. 

Besides the true platelets which were distinguished by the 
above-described characteristics, practical!}' all native prepara- 
tions contained small granulated elements which could readily 
be mistaken for platelets. On close examination, however, the 
granules of these elements were found to be slightly larger than 
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those of true platelets. As distinct from platelets, all the granu- 
les in one of these pseudoplatelets were of the same s.ae. The 
was no observable formation of »pseiidopocls» or blisters. 1 he 
structure was identical until that of the neutrophilc granulocytes 


structure was identical wjlu uuh ^ - ^ - 

and they should in all probability be regarded as fragments of 
these. This seemed highly probable especially as, now and then, 
these elements were seen to be extruded from the leukoc\tes. 
Light pressure exerted on the cover glass yielded large quan- 
tities of these pseudoplatelets. 

Not only neutrophile granulocytes were found to give rise to 
pseudoplatelets. Small platelet-like cell fragments were some- 
times observed, made up of the coarse granules which arc typical 
of the eosinophile granulocyte. 

In those cases where the formation of pscudoplatelcts was 
observed directly, the granules involved never showed any 
signs of life. It is natural to assume that these pscudoplatelcts 
are artefacts which have arisen in connection with the trauma 
caused by the bloodletting, especially as they are obtained 
so easily on extra traumas. I am not able to judge whether 
pseudoplatelets may be present in circulating blood. 

An unusually large number of pseudoplatelets was some- 
times observed in the blood of severely affected patients. On 
the basis of my limited material I have not been able to ascer- 
tain whether the phenomenon is associated with certain diseases. 
Birch reports an increase in the number of pscudoplatelcts in 
cases of clirouic splenomyclogcnous leukemia. It is, naturally, 
difficult to decide whether such cases are conditioned bv a 
reduced resistance to traumas in the leukocytes of these patients 

or whether the pscudoplatelcts for some ’reason were formed 
already m vivo. 


4. Observations on megakaryocytes. 

" ,C ff h “ 

J* scope of the present cmnntnniSi ^ H “ ”. K ^ 
however, that the majority of investi ga ,o^ w ^tS 
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that the megakaryocytes originate either directly from the 
myeloblast or from a mother cell common to the myeloblast 
and the megakaryocyte. Much evidence of the relationship 
between the megakaryocytes and the myeloid cells has been 
adduced and this relationship seems now to be placed beyond all 
doubt. Also endothelial cells, however, have been mentioned as 
mother cells of the megakaryocytes. 

The observations which will be described in the following 
were made on stained smears (May-Griinwald-Giemsa) as well 
as native preparations. As regards the stained smears the obser- 
vations have not been recorded in detail, as this procedure 
would be of no significance. Detailed records have been made 
of the examinations of native preparations. By chance, exactly 
200 megakaryocytes in native preparations have been recorded. 
As already mentioned, these are distributed among 150 prepa- 
rations from 30 persons. 

a. The structure of the megakaryocyte. 

It is a known fact that the mature megakaryocyte in smears 
of bone-marrow stained according to accepted methods has a 
finely granulated structure. The size of the granules varies in 
these stamed preparations. The variations in the size of the gra- 
nules caused at first certain objections to Wright's theory. It 
was difficult to find megakaryocytes with granules of the same 
size as in platelets. Naegeli (298), however, demonstrated quite 
clearly that all transitional stages, from seemingly non-granu- 
lated cytoplasm to cytoplasm with granules of the same size as 
in platelets, may be observed in the megakaryocytes. 

So far as I can find, megakaryocytes have been studied in 
dark-ground illumination only by Torriou and his collabora- 
tors. They worked with native preparations. Although they 
supported Wright’s theory, their methods, which had not 
been used before in examinations of megakaryocytes, do not 
appear to have given any important contributions to the ques- 
tion of the origin of platelets. 

The megakaryocyte stamed according to May-Griinwald- 
Giemsa presented in dark-ground illumination a beautiful 
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• tiire (see fie. 3). The entire protoplasm appeared to be com- 
posed of granules. Luminous granular forms of various size were 
seen Dark granules appeared between Die luminous granules. 
Thus, also the cytoplasm of the megakaryocyte seemed to be 
built up according to the principles devised by I. Wam.grkn. 
The whole cell gave the impression of being green. It was impos- 
sible to judge with certainty whether the luminous granules 
had stained or whether the colour came from the hyaloplasm. 
The dark drops had obviously stained deeply. 

The nucleus of the megakaryocyte was, principally, built- 
up in Die same way. The granules, however, appeared less 
distinctly. The nuclear structure seemed to become more in- 
distinct in the more mature cells. It was often difficult to observe 
the structure in those megakaryocytes which appeared to give 
rise to platelets. 

The examination of megakaryocytes in native preparations 
in dark-ground illumination revealed, principally, nothing new. 
It was easy to find Die cell also in unstained preparations on 
account of its size and characteristic structure. Because of its 
relatively fine granules it was difficult to study the megakaryo- 
cyte in transmitted light in native preparations, but also this 


examination seemed to reveal two different granular systems, 
dark and pale drops. 

A comparison of the structure of platelets and megakaryo- 
cytes in dark-ground illumination showed that they were iden- 
tical (see figs. 8 and 9). The structures were so much alike that 


it was impossible to distinguish a megakaryocyte from a clump 
of platelets, unless a cell nucleus was discovered (which may be 
difficult, sometimes, in native preparations). In some cases the 
megakaryocyte was more sharply outlined than the dump of 
platelets but tins was fairly rare. In the present work only 
those cells m which a nucleus could be recognized definitely 
were recorded as megakaryocytes. 

othe?™;T al "' hidl accordi, « 10 'VKioiir and mam- 

1 . ateletT l a 1, ’ rq ’ rCSent pl,aSK; 'I* formation of 

! ;: ts - have also b ™> ’WMlc the object of study in the present 

“ry dWteult tofhlf UC<1 T CaTS ° f bonc " m ™'- * "'a* '».ot 

cult to find megakaryocytes the protoplasm of which 
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appeared to be divided into clumps of granules the size of 
platelets (see fig. 4). Nor was it unusual to find megakaryocytes 
where the cytoplasm at the periphery seemed to break up into 
platelets (see fig. 6). Wright's interpretation of such findings 
is extremely obvious. 

Studied in dark-ground illumination, however, such cells 
presented a surprising picture. A completely homogeneous 
distribution of dark and pale drops could be observed every- 
where (see figs. 5 and 7). There was not the slightest sign of a 
platelet-like accumulation of granules. The only explanation of 
this finding seems to be that all dark drops do not. stain 
identically. I am not able to judge whether dark drops with 
different stainability are present primarily, or whether some of 
these drops lose their stainability at the onset of the formation 
of platelets. 

The finding harmonizes with I. Walt.gren's observation 
that the granulomere of platelets in dark-ground illumination 
is markedly larger than the stained granulomere in transmitted 
light (see figs. 4—7). 

On studying native preparations I have observed on one 
occasion an unstained megakaryocyte in dark-ground . illumi- 
nation, the cytoplasm of which was divided into platelet-like 
clumps of granules. As the cell after staining could not be studied 
in transmitted light, it is extremely difficult to judge the signi- 
ficance of this observation. 


b. Changes observed in the megakaryocyte in native preparations. 

The first task was to study the possible signs of life that 
may be observed in the structure of the cytoplasm of the mega- 
karyocytes. Torrioli was not able to observe movements in 
the megakaryocytes in his native preparations, but he referred, 
probably, merely to shifting and change in the shape of the 
cell. It should be pointed out at once that the great majority of 
megakaryocytes show no shifting of the granules of the kind 
which according to A. and I. Waelgren is typical of life. I 
seemed to notice such movements in only 4 cells (2 per cent) _ 
They were, however, isolated and extremely slow. These sporadi 
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observations do not justify the ruling out of errors or other kinds 

° f Why" do the megakaryocytes, generally, show no typical 
manifestations of life? There may be different explanations. 
The trauma caused to this giant cell at the sternal puncture 
and in the production of the preparation is naturally far greater 
than that affecting the smaller cells. Should the general con- 
ception that the megakaryocytes are situated extravasally be 
correct, the trauma may be still greater. On the whole, we 
know nothing about the possibilities of the megakaryocytes to 
live outside their natural environment. 


On the other hand, the considerable resistance to various 
traumas shown by the megakaryocytes must be emphasized. 
Fieschi & Astaldi point out their power of resistance in bone- 
marrow cultures. In my investigations they have shown a 
greater resistance to traumas than any other cells in the native 
preparations and have disintegrated only on very heavy pressure 
on the cover glass. Also here the possibility of a form of life 
which is not manifested in movements in the cytoplasm must be 
considered. 

Scant attention has hitherto been paid to the changes in the 
megakaryocytes in native preparations. So far as I can find, 
Wright, 190G, in his important work, is the only author who 
reports that the hyaline marginal zone in giant cells performs 
protoplasmatic movements similar to those observed at the 
periphery of platelets. 

Unfortunately, it was possible for me only in a few instances 


to start the observations immediately after the production of 
the preparations. On account of the long, distance between the 
laboratory and the place where most of the sternal puncture* 
were made, the greater part of the observations could not be 
started until 20 minutes— 1 hour after the specimen had been 
procured The interpretation of the results, however, does not 

" in any no “>- «i* 


In the few eases where the examinations could be started 
some minute after the specimen had been procured it was found 
that the behaviour of the mcgakaryocvtJhnd .-“'Zl! 
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with that of platelets (see fig. 10). After a few minutes of obser- 
vation pseudopod-like rims began to protrude from most 
megakaryocytes. The rims, principally, resembled completely 
the corresponding pseudopods of platelets. After 15 — 30 minu- 
tes, blisters which could not be distinguished from the platelet 
blisters, developed from these rims. 

Many of the blisters on the megakaryocytes contained 
granules showing Brownian molecular movement. Blisters free 
from granules, however, were perhaps seen more frequently 
in the megakaryocytes than in platelets. A remarkable fact 
was that the blisters did not develop only along the periphery 
of the megakaryocyte. In many cases they were observed above 
or underneath the cell, that is, projected towards the central 
portions of the cell. In exceptional cases the blisters were so 
numerous that they, side by side, covered the entire cell. 

It was not unusual that no formation of blisters about a 
megakaryocyte was noticed. The observations were often diffi- 
cult, for instance with fairly thick preparations. In the present 
work I have recorded the formation of blisters only in absolutely 
certain cases. Thus, it was found that 135 megakaryocytes, or 
67.5 per cent, showed definite blisters. Profuse formation was 
recorded in 54 cases, moderate in 42 and sparse in 39 cases. As 
object of comparison was used the average number of blisters 
in a clump of platelets the size of the megakaryocyte in ques- 
tion. These figures may be regarded as absolute minimum 
values. 

The question may naturally arise, whether variations typi- 
cal of some pathologic conditions may be observed in the inten- 
sity of the formation of blisters. My material is obviously too 
small to permit of any definite conclusions. It seems, however, 
highly improbable, judging from the very wide range of varia- 
tions which I noticed in the bone-marrow preparations from 
the thoroughly healthy objects of examination. 

A different type of blisters was observed in a few cases. 
There, a considerable portion of the cytoplasm of the mega- 
karyocyte broke up into round or oval bodies up to the size of 
leukoc 3 T tes. These were completely filled with granules showing 
Brownian molecular movement. Parallel with this phenomenon 
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the usual formation of blisters was observed about the same 
cell. In some cells it was also possible to follow, actually, 
all the transitional stages from the small to the large blisters. 
These large blisters were observed in 13 cases (6.5 per cent). 

A remarkable finding was the accumulation of fibrin appear- 
ing about some megakaryocytes. With the exception of plat- 
elets, no. accumulation of fibrin whatsoever could be demon- 
strated about any other elements in the native preparation of 
the bone-marrow. Although far from all megakaryocytes pre- 
sented this phenomenon, it was, nevertheless, observed about 
40 cells (20 per cent). A profuse amount of fibrin was recorded 
in 9 cases, moderate in 20 and sparse in 1 1 cases. Also in these 
cases average clumps of platelets were used as object of com- 
parison. Although the phenomenon was not constant it seems 
to me to have been observed in a sufficient number of cases to 
justify the ruling out of every suggestion of chance. The above- 
mentioned figures may be regarded as minimun: values. 


c. The 'pinching ojj of cytoplasm from the megakaryocytes. 

In the present examinations of native preparations my 
interest was largely concentrated on the possibilities of follow- 
ing directly the formation of platelets from megakaryocytes. 
I was unsuccessful in this respect. This disheartening fact has 
many possible explanations. The most obvious reason is that 
the megakaryocytes were injured when taken from their natural 
environment. The absence of manifestations of life, mentioned 
in the foregoing, renders this explanation most plausible. 

. Frequent ly> however, there were seen in native prepara- 
tions megakaryocytes which to a larger or smaller extent were 
surrounded by granulated elements. These were either detached 
fragments of the cytoplasm of the megakaryocytes or platelets 

W , ,c .\ ™ acc0lml of tllc common agglutinnbilitv, had collected 
about the megakaryocytes. Such findings were recorded for 55 
megakaryocytes or in 27.5 per cent of tire total * ^ese 
el^nts showed aU the charrges described above 
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All these bodies were fully developed when the microscopic 
examination started. In no case was the examiner able to witness 
the formation of these platelet-like constituents of the blood. 
One observation, however, may deserve to be mentioned. 

A megakaryocyte with fairly sparse cytoplasm and without 
observable formation of blisters -was made the object of close t 
study. It showed no signs of life whatsoever. After a w hil e a 
couple of neutropkile granulocytes approached the large cell. 
These leukocytes made their way into folds in the cytoplasm and 
attacked the megakaryocyte vigorously. After a few minutes 
fragments of cytoplasm were liberated. Most of the fragments 
remained lying in the vicinity of the cell. Shortly, however, one 
of the leukocytes left the megakaryocyte. By means of threads 
it was attached to two fragments of the megakaryocyde cytoplasm 
which it towed out of sight like an engine with two carriages. Sub- 
sequently other leukocytes appeared and all the cytoplasm was 
liberated from the nucleus of the megakaryocyte. Thus, at the 
end of the observation the nucleus lay at some distance sur- 
rounded by numerous platelet-like pieces of cytoplasm. These 
did not, however, behave like platelets. They did not form blis- 
ters, nor were they surrounded by fibrin. It seems scarcely prob- 
able that this process would represent the course of events in the 
normal formation of platelets. I was not able to make another 
similar observation. 


5. Comparison between platelets and megakaryocytes. 

The following is a summary' - of comparative studies of plat- 
elets and megakaryocytes, within the framework of the above- 
described observations. 

Structural similarities in fixed and stained preparations 
studied in transmitted light, have been reported earlier in the 
literature but have also been considered a debatable fact. Cer- 
tain variations may be demonstrated in transmitted light. When 
platelets and megakaryocytes are studied in dark-ground illu- 
mination. however, they show an identical structure (see fig. 9). 
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Both have larger and more luminous, smaller and duller granu- 
les. In both cases, however, the size of the granules varies within 

the same limits; • . 

Also as regards the changes in native preparations the two 

elements show characteristic similarities. The formation of 
blisters tjpical of platelets is also observed about the majority 
of megakaryocytes. Most of the blisters on the megakaryocytes 
resemble exactly those observed about the platelets, although 
blisters of a different type may be seen about some megakaryo- 
cytes. 

As is known, platelets and clumps of platelets are in most 
cases surrounded by fibrin after having been allowed to stand 
for a while in native preparations. No general accumulation of 
fibrin about the megakaryocytes has been demonstrated. 1/5 
of the total number of megakaryocytes, however, have been 
surrounded by accumulated fibrin. In view of this frequency it 
seems to me that the possibility of coincidence may be ruled 
out, especially as no formation of fibrin has been observed about 
other blood and bone-marrow cells. 


6. Comparison between platelets and other blood 
and bone-marrow cells. 


As has been mentioned, attempts have been made to attri- 
bute the origin of platelets to practically all the cells in the 
blood and bone-marrow. It is impossible, however, in the present 
communication to compare them in detail with all other cell 
forms. A review of the history show's on which points a compa- 
rison may be of some significance. 


The relationship between the -nucleus of i he nonnoblast aiid 
the formation of platelets will be described in detail later: 
. u: lee it to say here that the structure of the nucleus of the 
more mature normoblast is extremely indistinct and bears no 
resemblance to the structure typical of platelets. 

. Th J maiure erythrocyte when examined in dark-ground illu- 
-matron, » optically void. It shows no sign of grain, ft 


•i 



50 


seems hard to believe that this structureless blood corpuscle 
would be- capable of producing platelets with their typical 
granulation. It is more obvious to assume that platelets originate 
from cells which already in themselves are granulated, espe- 
cially as all other blood and bone-marrow cells contain granu- 
lar substance. 

The granulation is not the same in the different leukocytes. 
The eosinophile granulocytes have the coarsest granules of the 
cells in human blood and bone-marrow. These granules are far 
larger than in platelets. The same applies to the neutrophile 
granulocytes, although to a lower degree. In these cells all the 
luminous granules appear to be of the same size. The difference 
between the granules of platelets and those of the neutrophile 
granulocytes is observed more easily in native preparations 
than in stained smears. What has been said here about the 
granules of the different granulocytes applies also to the pre- 
cursors that may be studied in material obtained by sternal 
puncture. StIibEL ahead}' in 1914, studied leukocytes and plat- 
elets in dark-ground .illumination and has drawn attention to 
the above-described dissimilarities. I. Waligren (467), recently., 
has described the finer structure of the white blood corpuscles, 
without comparing them with platelets, however. 

The monocytes are, intentionally, discussed separately in the 
present communication. I. Wallgren (467) has pointed out 
that the luminous granules of these cells are of unequal size. On 
comparison with the luminous granules of platelets the simi- 
larity is striking. There is no demonstrable divergence. Thus, 
beside the megakaryocyte the monocyte is the only cell in blood 
and bone-marrow, which shows a similar structure in dark- 
ground illumination. 

The size of the granules in the Golgi apparatus of the plasma- 
cells falls within the limits of the size of the platelet granules, 
but they are always of equal size in relation to each other. The 
Golgi apparatus of the lymphocytes contains principally luminous 
granules which are markedly smaller than the granules of the 
platelets. I. WalegrEn’s investigations throw light also on this 
question. 
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Is it possible to observe also in other cells phenomena 
which resemble the formation of blisters typical of platelets, 
have never succeeded in this respect. It may be mentioned 
however, that different white blood corpuscles, in particular, 
which have been injured by poisons (e.g. KCN) or traumas and 
show no further signs of life, may exhibit rims and pseudopod- 
like bodies which resemble principally the typical changes in 
platelets. No actual blisters are formed. In dark-ground illu- 
mination the rims on the leukocytes show coarser outlines 
than the blisters of the platelets and are always optically void. 
Thus, no Brownian-moving granules are ever observed in them. 
This applies also to the monocytes which have been made the 
object of particularly close study. 

Nor has it been possible to observe a definite accumulation 
of fibrin about any other elements than platelets and mega- 
karyocytes. In the rare cases which seemed to show a suggestion 
of it the possibility of coincidence could not be ruled out. 


7. The normoblast; its development into an erythrocyte 
and possible connection with the formation of platelets. 

The fate of the nucleus of the normoblast has also been the 
subject of much controversy among the hematologists. Is the 
nucleus extruded or does it dissolve intracellnlarly? The former 
view, advanced by Rixdrleisch, attracted for a long time many 
followers, Ehrlich, among others. In recent years Schilling 
has been one of the few spokesmen for this theory. The majo- 
rity of present-day investigators appear to favour the concep- 
tion of intracellular dissolution of the nucleus. The extruded 
nuclei which may be observed without difficulty in all kinds of 
preparations are regarded as artefacts [Naegkli ( 300 ), and 
others). It should be pointed out, however, that the ’latter 
heory is also based on indirect and inconclusive evidence. 

* ready in the general survey of the history I discussed the 
theory according to which platelets are derived from the ex- 
ruded nuclei of the normoblasts or portions thereof. Many inves- 
tors have followed this line of thought. Since the appearance 
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of Wright's theory in 1906, however. Schilling has been the 
chief supporter of the »Plattcherikern>> theory. As late as 1943 
(382) he was still disinclined to abandon it, as already mentioned 
although he seemed then to accept Wright’s theory as the most 
plausible. He insisted, however, on a different and decisive 
explanation of the fate of the nucleus of the normoblast, before 
he could abandon his conception of this element as a possible 
origin of platelets. During the last decade also 0rskov, in a 
series of works, has supported this theory, although in a slightly 
modified form. 

In order to elucidate the question of the origin of platelets 
from as many aspects as possible, I have compared the struc- 
ture of the normoblast nucleus and of platelets in dark-ground 
illumination. Furthermore, in accordance with Schilling’s 
demands, I have tried to find an explanation of the fate of the 
normoblast nucleus, following closely the methods devised by 
I. Wallgken and guided by his recent work. Finally, I have 
applied these methods in the recapitulation of some of the 
experiments on which Schilling’s arid 0rskov’s theories are 
based. 


a. The structure of the normoblast nucleus. 

Similarly to the cytoplasm and the nucleus of the white blood 
corpuscles, the nucleus of the normoblast, according to I. Wall- 
gren (468), is also built up of dark and pale drops. In dark- 
ground illumination the granulated structure of the nucleus 
appears particularly distinctly. The structure is far more distinct 
in native preparations than in fixed and stained smears. Also in 
the latter the granules are often clearly distinguishable, but the 
observations are usually rendered difficult by the marked 
stainability of the nucleus. 

In the less developed normoblast the granules of the nucleus 
are small and of equal size. As a rule they are slightty smaller 
than the smallest granules of platelets. Undritz & Rothlin, 
in stained smears, seem to have found that the normoblast 
nucleus loses its structure as it matures and finally gives the 
impression of a homogeneous »drop». I. Wallgren (472) has 
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demonstrated that the distinct granulation typical of the les 
mature normoblast, when examined in dark-ground illumina- 
tion becomes gradually more indistinct. The visible granules 
become smaller and fewer. The whole nucleus grows smaller. 
In the most advanced nuclei it is, on the whole, very difficult to 
discern any granular structure at all. 

During the course of the present investigations it has been 
possible to confirm altogether Waixgren’s observations. The 
constant difference between the granules of platelets and those 
of the normoblast nucleus should be emphasized in particular. If 
platelets were derived from nuclei of normoblasts, it would be 
obvious to assume that the most advanced nuclei were the 
source of their formation. It is, however, exactly between these 
nuclei and platelets that the structural differences are most 
marked. 


b. The development of the normoblast and the dissolution 

of the nucleus. 


So far as I can find in the literature there are no reports of 
studies of nonnoblasts in native preparations, which would be of 
any importance to the argumentation in the present work, 
prior to I. Wali.gren's latest communication (172). This author, 
therefore, seems to be the first who has published the results 
of direct studies of the development of the normoblast, not 
taking into consideration Schiijjxg’s (371) observations on 
the formation of platelets from red blood corpuscles in native 
preparations. 


As already mentioned, I. Waei.grex, in 1917, studied living 
normoblasts in dark-ground illumination. Besides the nucleus, 
the normoblasts were found to consist of a structureless cyto- 
plasm, for the most part optically void. In this cvtoplasm 
however, was seen, intimately related to the nucleus, an organ 
whidi was changeable as to shape and position and built up of 
ie typical double drop system. This organ has altogether the 
c laracter of a Golgi apparatus (I. Wau.gken) and will in the 
following be given this designation. 



54 


In a considerable number of preparations I. Wallgren was 
able to observe directly the above-described changes in the 
structure of the normoblast nucleus. The development which 
•- was studied chiefly in primarily fairly small nuclei, took place 
gradually^ during the course of several hours. The Golgi appara- 
tus changed shape perpetually and the drops were in constant 
motion in the manner typical of the living cell. Towards the 
end of this development, that is, when the nucleus was nearly 
structureless, I. Wallgren was able to observe in many cases 
that the nucleus was dislocated out of the cell body, seemingly 
adhering to the Golgi apparatus. This phenomenon has earlier 
been described in a similar manner by Valentine. After a while 
it was pulled back into the cell body. Despite a large series of 
observations, I. Wallgren was never able to notice that the 
nucleus was extruded. 

In most instances the development stopped at a stage where 
he observed a small, shrivelled and optically void nucleus. The 
movements of the Golgi apparatus ceased gradually; the cell 
seemed to die. It was a long time before I. Wallgren was able 
to witness the disappearance of the nucleus. 

The origin of the substantia granulo-filamentosa of the reti- 
culocytes has hitherto been unknown. As it is of no immediate 
significance in the present communication I do not intend to 
discuss this problem. It should be mentioned, however, that the 
cell nucleus (Naegeli, and others) as well as the cytoplasm 
(Ferrata, Seyfarth, and others) of the normoblasts has been 
designated as possible mother substance but no decisive solution 
has been reached. 

In a case of pernicious anemia treated with liver up to the 
peak of the reticulocyte crisis thus produced, I. Wallgren was 
finally' able to witness the intracellular dissolution of the nuc- 
leus. Diver extract (campolon) had then also been added to the 
preparation. He observed the gradual dissolution of the nucleus 
in three normoblasts. The Golgi apparatus remained at first 
unaffected. The cells had now the appearance, in all respects, of 
typical reticulocydes. Wallgren therefore considered that the 
substantia granulo-filamentosa of the reticulocytes coincided 
with the Golgi apparatus of the intact normoblast. Dawson and 



111! Roo & Ci'FOKD had earlier made a similar assumption. 
Single granules were gradually extruded into the blood-plasma. 
Thtfs, the reticulocytes became mature erythrocytes. 

This observation is probably unique in the literature. Was 
this an accidental finding? Was this observation conditioned 
by the patient’s illness, the addition of campolon to the prepa- 
ration, or perhaps by some other non-pht'Siologic circumstan- 
ces? In other words, should it be inferred that I. Walt.grex 
was able to follow the normal mode of disappearance of the 
normoblast nucleus? In order to answer these questions, if 
possible, I have carried out further observations, applying the 
methods used by I. Wat.lgrKn and guided by his findings. 

In view of the fact that many of I. Wau.GREx’s observa- 
tions produced no results, it was decided that, no normal cases 
were to be studied in this connection but only those which may 
be expected to show an increased blood regeneration. Cases of 
pernicious anemia in remission seemed to be particularly suitable 
for the purpose. In this disease the blood formation would 
reasonably be expected to differ from the normal only as regards 
the rate. The following 1 cases were studied. 


Case I. Hemolytic jaundice was diagnosed clinically. Reticulo- 
cytes 23.2 per cent. Abundant normoblasts in material obtained by 
sternal puncture. The preparations were satisfactory. Most of the 
nonnoblasts showed distinct signs of life, that is, changes In the 
shape and position of the Golgi apparatus, and typical shifting of 
the pale drops. No addition was made to the preparations. 

During the observation period, which extended to 21 hours, 7 nor- 
moblasts were observed, the majority with indistinct nuclei. During 
the course of the 21 hours the granulated structure of all the nuclei 
became gradually more indistinct. In -1 normoblasts the nucleus was 
dislocated out of the cell and, after a while, drawn back again into 
ie cell body. At the end of the observation period none of the 
ce Is showed any signs of life. All the nuclei were still discernible. 


Case II. Pernicious anemia treated with liver. Rcticulocvtes 2D 2 

mmeturo ul? dant , . lorn,oblast ; s in n,aterial obtained by sternal 
1 nctuie. As the previous experiment produced no result folic acid 

(approximately 1/10 of the blood volume) was tl.fe time added o 

the preparation. The majority of normo, .lasts showed disThicI of 
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Also in this case the observation period was 24 honrs. Four 
normoblasts were observed and depicted. It was found immediately 
that the movements in the Golgi apparatus were very vigorous. The 
whole Golgi apparatus changed shape and position perpetually. The 
nucleus shifted about in the cell. After 1 % tour of observation the 
nucleus of one of the normoblasts was dislocated out, and after 
another hour a second nucleus. Both were drawn back into the cell 
body within 10 minutes. After 5 hours' observation the two nuclei 
were practically structureless and scarcely discernible. The first 
nucleus to be pushed out became again more distinct after % hour. 
The other cell remained largely unchanged. 11 hours from the start, 
when the observations were suspended for the night, the nucleus of 
this cell was not distinctly discernible. 

On the following morning, 20 hours after the first observation, 
it was found that the latter cell had been transformed into an alto- 
gether typical reticulocyte (see fig. 1,1). Not the slightest suggestion 
of a nucleus could be seen, nor was an extruded nucleus found in 
the surroundings. A considerable number of the granules of the 
Golgi apparatus were retained but they showed no manifestations 
of life. These granules were liberated one by one and disappeared 
from the field of vision in the blood-plasma as Brownian-moving 
hemokonia. At the end of the observation period only about % of 
the granular substance of the reticulocyte remained. No signs of life 
was observed in an}’- cell. 

The remaining three normoblasts retained their nuclei. At the 
periphery of the area under observation were seen two more normo- 
blasts which were not depicted. They were, however, observed 
incidentally now and then. It was noticed that one of them during 
the night had been transformed into a reticulocyte. Nor in this case 
was an extruded nucleus, seen in the surroundings. It should be 
pointed out in particular that no flow of plasma was observed in any 
of these preparations. It seems therefore almost improbable that an 
extruded normoblast nucleus could have been pushed too far away 
from the cell body. 

Thus, in this case 2 out of 6 normoblasts kept under observation 
had lost their nucleus in 24 hours. This had obviously occurred 
through intracellular dissolution. 

Case III. Hypochromemia was diagnosed. Reticulocytes 2.1 per 
cent. Abundant normoblasts in the sternal punctate. As in the pre- 
vious case, folic acid (approximately 1/10 of the blood volume) was 
added to the preparation. The majority 1 of normoblasts showed 
distinct movements typical of life. 

Observation period 24 hours. Ten normoblasts were studied and 
depicted. Vigorous movements in the Golgi apparatus were noticed 
in all the normoblasts. Already 7 at the beginning of the observation 




Fig. 1. Diagram showing the development of those normoblasts which in 
the present investigations lost their nuclei. Changes in shape and position oi the 
Golgi apparatus are seen clearly; the dislocation of nuclei is also evident (1. 8 
and III, G). The transition from the round shape of the normoblasts to the 
»hilus form# of the reticulocytes is not so marked ns indicated in the picture. 
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period one of the nuclei had been dislocated but was pulled back 
again shortly. After 2 % hours’ observation a second nucleus was 
dislocated out. It remained outside for 45 minutes. % hour later the 
same phenomenon was noticed in a third normoblast. The nucleus 
was drawn in again after about 15 minutes. 

Unfortunately, on this occasion the observations had to be dis- 
continued after 5 hours. By that time all the nuclei were distinctly 
discernible but the nuclear structure was in all the cells extremely 
vague. 

On the following morning when the observations were re-con- 
tinued, 21 hours from the start, 4 cells had lost their nucleus (see 
fig. 1, II — V). 3 of them were then typical reticulocytes in all 
respects. In the fourth the granules were arranged about am optically 
void area the size and shape of a nucleus, but no trace of nuclear 
structure or remnants of membrane was seen (see fig. 1, IV). No 
extruded nuclei were noticed in the surroundings. After 24 hours 
the picture was exactly the same. No signs of life were observed 
anywhere. Dislocation of the nucleus had occurred in only one of 
the 4 cells (see fig. 1, III). Two cells from which the nuclei had 
been dislocated and drawn back again, retained them until the end 
of the observation. 

Thus, out of 10 normoblasts, 4 or at least 3 had lost the nucleus 
and been transformed into more or less typical reticulocytes. Unfor- 
tunately, the actual process could not be observed in this case. Many 
facts, however, indicate that the nucleus disappeared through intra- 
cellular dissolution. 


Case IV. Malignant lymphogranulomatosis was diagnosed. Reti- 
culocyte count 1.2 per cent. The specimen was intended for a diffe- 
rent purpose, but as the preparation proved to contain fairly abun- 
dant normoblasts it was examined with regard, to the development 
of these cells. No foreign material was added to the preparation. The 
majority of normoblasts showed distinct signs of life. Observation 
period 24 hours. 10 normoblasts were studied and depicted. The 
Golgi apparatus in all the cells showed fairly rapid changes in shape 
and position. After 2 hours one of the nuclei was dislocated out for a 
short period. The nuclear substance in all the cells became gradually 
more indistinct. In one cell the nucleus disappeared after 7 hours 
observation (see fig. 1, VI). It could not be detected despite repeated 
observat’on. By this time the cell. had the appearance of a reticulo- 
cyte with abundant granules. 

The observations were suspended for the night and recontinued 
20 hours after the start. The cell that had lost its nucleus had then 
been stripped of most of its reticulocyte granules. Only a few granu- 
les rendered it distinguishable from a mature erythrocyte. All the 



rMt of tl.e normoblasts retained their nuclei. No signs of life were 
“fed L the preparation. After 2-1 hours the picture was, on the 

"^Thus in tlris experiment 1 out of 10 normoblasts had lost its 
nucleus. The case is remarkable in two respects. Firstly, every pos- 
sibititv of extrusion of the nucleus may be ruled out, with the excep- 
tion perhaps, of a rapid, explosion-like process. Secondly, it is 
obvious that the addition of liver or folic acid is not an essential con- 
dition for intracellular dissolution of the nucleus in native prepara- 
tions. 


These observations tend, naturally, to bear out the con- 
ception of the intracellular dissolution of the normoblast nuc- 
leus. Insofar as they are characteristic of the physiological mode 
of disappearance of the normoblast nucleus, they rule out 
even- possibility of platelet formation from nuclei of normo- 
blasts and provide the counter-evidence called for by Scmi.uxo. 

It is to be regretted that it has been impossible in the present 
investigation to represent photographically the series of develop- 
ment of the normoblasts. Unfortunately, the living cells are too 
sensitive to light to allow the removal of the protective filter 
for the purpose of photography. If this were done, the cells 
would die or at least be injured severely. In fig. 1 I have therefore 
tried to sketch the development of the normoblasts which in the 
above-described observations lost their nuclei. 


Several questions may naturally arise as to the influence 
of the experimentally produced conditions which are foreign to 
the cell. Does the transfer from the blood-stream to the native 


preparation tend to cause a possibly non-pbysiologic intracellu- 
lar dissolution of the nucleus? Is this possibly a result of the 
patients illness.'' Would the dissolution of the nucleus have 
any connection with the addition of liver and folic acid? 

More detailed future investigations will give the definite 
answeis to these questions. Some facts, however, may be cited 
lere, which indicate that this is the normal process. Onlv a 
fractional number of the normoblasts lost their nucleus. Those 
ml clul, assumed an appearance which agreed completolv 

wind 1 1 U ' e U,at is - demom.s of the blood 

betwlT ” ? rnt ”" rraall - V lo r <« a «l «s transitional f„„„ s 
™ normoblasts and mature rod blood corpuscle* The 
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dislocation of the nucleus, typical of the development and seen 
only in more advanced normoblasts, is in many cases observed 
in immediatety fixed normal blood. The lively motion of the 
granules, typical of the cytoplasmatic drop substance of the 
living cell, seems to indicate that the studied normoblasts were 
intact cells. 

Although X am fulfy aware of the fact that this argument is 
of an indirect nature, I believe, nevertheless, that future re- 
search will succeed in demonstrating that the above-described 
development is typical of the normal red blood corpuscle. It is 
obviously assumed that only the most advanced normoblasts 
would reach further development under the conditions produced 
in the present experiments. It must be remembered that the 
native preparations are completely cut off from their natural 
supply of nutrition. Under these conditions it is natural that 
only a few normoblasts are .able to grow into reticulocytes. The 
addition of liver extract and folic acid, respectively, to the 
preparation in cases II and III may perhaps have contributed 
to- the success of the experiments in that it supplied some mate- 
rial essential to the development of the normoblast. This state- 
ment does not imply that this important material need neces- 
sarily be the specific antianemic component of these fluids. Two 
factors render it difficult to apply these methods of examination 
to native preparations from normal cases, namely, the diffi- 
culty in finding a sufficient number of more advanced normo- 
blasts within a reasonable area to be examined, and the fact 
that the development is noticeably slower as compared to the 
above-described cases. 

As pointed out by I. Wallgren, a larger or smaller number 
of free normoblast nuclei occur in most native preparations. 
They remain unchanged during the whole observation period 
and do not increase in number. They show no properties char- 
acteristic of platelets. Simmer, on examining normoblasts in 
dark-ground illumination, tried without success to separate the 
nucleus from the rest of the cell by means of a »micromanipula- 
tor». As already mentioned, Schilling (371) in a small number 
of cases, believed that he observed formation of platelets from 
the interior of red blood corpuscles. The observations were 
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fflade with native preparations and m dark-ground rllummat on: 
” ite the fact that' mv attention was fixed on the possibility 
of this mode of formation I was never able to make a similar 

observation. , 

The material is not large. Nevertheless, it indicates a clear 
and interesting course for future investigation. To study this 
problem on a large scale, however, considerable technical resour- 
ces and a large staff of collaborators would be required. 


c. Cabot's ring bodies. 

When Cabot, in 1003, discovered the ring-shaped bodies 
in red blood corpuscles which have been named after him, he 
regarded them as remnants of nuclei. This conception of the 
nature of the rings has since been accepted generally. A feu- 
investigators , however, especially of late years, have held diffe- 
rent views. Russo w considered that the rings were artefacts. 
Schleicher, recently, advanced the opinion that the rings were 
laboratory products consisting of denaturated proteins. Schil- 
ling (3S1), Isaacs and Tsamboui.as & Mai.ikiosis, in a few 
cases, observed rings in nucleated red blood corpuscles. In the 
literature of textbooks, however, most authors still regard 
Cabot’s rings as remnants of the nucleus or the nuclear mem- 
brane. 

In an attempt to find further evidence for the intracellular 
dissolution of the normoblast nucleus, the hypothesis was 
brought forth that nuclear structure may be observed in Cabot's 
ring bodies on examination in dark-ground illumination. It 
may be possible that in the process of dissolution, the normo- 
blast nucleus would pass a stage where the nuclear substance 
did no longer stain, although it would still be observable in 
dark-ground illumination. 

T No definite proofs were obtained to bear out this hypothesis. 
Numerous red blood corpuscles with Cabot’s ring bodies were 
examined. A few cells seemed to show a distinct nuclear struc.- 
ure within the ring. In one case the picture resembled exact lv 
f 0 a morc advanced normoblast. The nucleus was indeed 
ramed m by a structure altogether reminiscent: of a Golgi 
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apparatus. In many cases there was a suggestion of an indistinct 
nucleoid granular substance within the ring, but in numerous 
other cells the area surrounded by the ring was optically void. 

These observations do not justify any definite conclusions. It 
has been impossible to judge the nature of the rings or the 
manner in which these red blood corpuscles lose their nucleus. 
Cabot’s ring bodies may be of different appearance both in 
transmitted light and in dark-ground illumination. The possi- 
bility that such rings may arise in different ways should not be 
ruled out entirety. 


This chapter would not be complete without a review of 
some other studies on the development of the mature red blood 
corpuscles. Bostrom and Jacobsen & Plum propose that all 
erythrocytes arise from the cytoplasm of the normoblasts 
through constriction. Schultz & Buding, Habelmann, I. Wall- 
gren (472) and Ralph have observed the formation of erythro- 
cytes from constricted fragments of megaloblasts and normo- 
blasts in cases of pernicious anemia. Wallgren was never able to 
observe a similar formation of erythrocytes from normoblasts 
in normal cases and regards, therefore, this mode of formation 
as pathologic. 

I have not had the opportunity of studying the formation 
of red blood corpuscles in advanced and non-treated cases of 
pernicious anemia. On the other hand, in the experiments on 
which the present work is based, I have never seen the forma- 
tion of red blood corpuscles through constriction. 


8. Recapitulation of Schilling’s experiments with 
rapid fixation. 

Already in 1911 V. Schilling was found among the follow- 
ers of the theory according to which platelets are derived 
from the, normoblast nuclei. He was obviously aware of the flaws 
in his argumentation and continued to work on this problem. 
In 1918 he published a communication (373) by the title of 



Die Losung der Blntfilatichcnfragc . . . By means of the metli 
of rapid fixation described below, he was able to obtain pictures 
which he believed represented all transitional forms from normo- 
blast nuclei to platelets. Later he has been more cautious m lus 
interpretations of these observations. Brieger made an inves- 
tigation according to the same methods and expressed his 
doubts as to Schilling's interpretation. »In der jetzigen Form 
kann nie von einer Losung der Plattchenfrage — eher von einer 
Verwicklung — die Rede sein». Schilling's opinion was criti- 


sized sharply also by Degkwitz. 

Many other investigators have made observations which 
disprove the theory" that platelets are derived from red blood 
corpuscles. Most of these observations have been reviewed in the 
historical survey'. In addition may be mentioned here the inter- 
esting observations made by Totterman, recently, with regard 
to the correlation between the uric acid values, the number of 
reticulocytes and the number of platelets in the blood in per- 
nicious anemia in remission. He found that there was no defi- 
nite correlation between the increase in the number of platelets 
and that of reticulocydes. The time for the increase in the num- 
ber of platelets varied considerably in many cases. Totter- 
man considered that his observations were a strong argument 
against platelet formation from normoblast nuclei. 

In order to make a thorough study of the problem of the 
origin of platelets, Schilling’s illusive pictures have been 
re-examined in dark-ground illumination. This author s detailed 
instructions for the production of the preparations have been 
followed closely. 


In his communication Schilling (373) describes clearly his 
method of rapid fixation. A brief account of it will be given here. 
Blood from a cubital vein is allowed to flow through a cannula 
carefully coated with paraffin, directlv into a Petri dish filled 
with »>Doininici fixative. By shaking, the drops of blood arc 
distributed evenly m the dish. After the blood lias been allowed 
to stand for several hours in the fixative, the content of the 
cish is centrifuged, the solution of mercuric chloride is poured 

tllolr ^ T im "' at ° r ' Thc is washed 

5 a cou ' ,le of tlmcs and the water is poured off, where- 
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upon some of the brownish-red suspension is spread with a pla- 
tinum loop over an object glass which has been coated with a 
thin layer of albumen-glycerin. When the preparation has dried, 
it is re-fixed with methyl alcohol. The remains of mercuric 
chloride are removed in tincture of iodine and 0.5 % solution of 
sodium thiosulfate. After repeated washings with' water staining 
according to Giernsa is done. When completely dried the prepa- 
ration is embedded in Canada balsam and the examination is 
done under cover glass with oil immersion. 

With the use of this method it was found easy to obtain 
pictures which harmonized completely with those published by 
Schilling (see fig. 11). In transmitted light platelet-like elements 
were seen everywhere in the preparations. They' lay close to 
erythrocytes and a small number of them were projected partly 
or completely towards the erythrocyte. A few of them occurred 
quite freely'. 

Already' with this method of examination, thus, with largely 
the same optics as those probably' used by' Schilling, the 
suspicion arose that the elements involved may' be platelets 
which adhered to the erythrocytes. In many' cases thehyalo- 
mere of the platelet was protracted between the granulomere 
of the platelet and the surface of the erythrocyte (see fig. 11). In 
some cases the hy'alomere was distinctly projected towards and 
seemingly attached to 2 — 3 erythrocytes simultaneously: In 
those cases where the platelets were projected towards the ery- 
throcyte the tw'o elements gave the distinct impression of lying 
on different levels. 

In order to ascertain the nature of these pictures the prepara- 
tions were examined in dark-ground illumination. 

The platelet-like bodies were detected without difficulty 
(see fig. 12). They were found to have exactly' the same structure 
as platelets, that is, various-sized granules of the same size as 
in platelets appeared beside dark granules. Thus, the structure 
w r as altogether different from that of the normoblast nucleus 
in general and the more advanced normoblast nucleus in 
particular (see page 52). 

If Schilling’s interpretation were accurate, one would 
expect to see approximately' as many Golgi apparatus as plat- 
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elets. The Golgi apparatus would either remain mthe red b ooc 
corpuscle which would thus be a reticulocyte, or, as a result ot 
the method used, accompany the nucleus or escape together 
with it. I have never been able to find any remnants whatsoever 
of the Golgi apparatus in the cells which according to,. Schilling 
would give rise to platelets. Nor have I observed any such rem- 
nants accompanying platelets. There is no evidence indicating 
that the Golgi apparatus -would escape separate!}', as no rem- 
nants of them were found in the blood-plasma despite the rapid 
fixation. The final possibility is that the Golgi apparatus may 
escape before the nucleus. This, however, has never been the 
case in I. Wallgken’s and my examinations of bone-marrow. 

Thus, through Schilling’s method of rapid fixation the 
platelets appear for some reason or other to become attached to 
red corpuscles. The method, however, does not seem to furnish 
any support whatsoever of the theory that platelets are derived 
from the nuclei of normoblasts. Thus, one of Schilling’s most- 
important arguments has lost its weight. 


9. Recapitulation of Orskov^s experiments with 

poisoning. 


During the last decade the Danish scientist 0rskov has 
advocated energetically the theory that platelets originate from 
the nuclei of normoblasts. As pointed out in the general history, 
his opinion differs from Schilling’s with regard to certain details. 

0rskov’s views were borne out principally by studies on 
formalin-fixed blood from rabbits which had been given intra- 
venous injections of large doses of phenylhydrazine as well as 
lead chloride. In these experiments 0rskov claims to 'have 

observed all transitional forms from nuclei of normoblasts to 
platelets. 


0 RSK° V considers that his methods may he applied without 
difficulty in subsequent investigations, I have tried to recapitu- 
late his experiments, following closely his instructions, ' 

match' on Ult ^ “! Batisfactor - v ^spite the fact that approxi- 
mately 20 preparations were produced in connection with 4 


5 
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different poisoning experiments on rabbits. Only one prepara- 
tion showed an unusually large number of platelets situated 
close to or on (underneath) red blood corpuscles (see figs. 13 
and 14). Thus, this preparation showed a picture which on the 
whole agreed with those obtained in my experiments with 
Schilling’s rapid fixation. This preparation was sent to 0rskov 
who considered, however, that it did not agree with the prepa- 
rations produced by him previously. The interpretation of 
0rskov’s pictures must therefore be left open.! should not be 
surprised, however, if these pictures as well as Schilling’s, were 
conditioned by an increased tendency of the platelets to adhere 
to the red blood corpuscles. Against the background of all the 
observations described in the present work I cannot believe in 
0rskov’s interpretations of his findings, 



IV. Discussion and conclusions. 

The comprehensive literature on the question of the origin of 
platelets has been discussed elsewhere (see page 28). The histo- 
rical survey shows that Wright’s theory, according to which 
platelets are derived from the megakaryocytes, has attracted most 
followers. It was pointed out, however, that the evidence is 
indirect. Schilling’s and 0rskov’s opinion that extruded nuc- 
lei of normoblasts give rise to platelets, has also gained some 
support and conclusive counterevidence has been lacking. 
Thus, the origin of platelets has not been considered a settled 
question. Other theories seem to be more or less forgotten. 

The structure of stained platelets in smears has previously 
been studied closely in transmitted light and compared with 
the structure of other blood and bone-marrow cells. Comparisons 
have been made between the stainable granules of platelets and 
megakaryocytes. Opinions differ. It appears, however, that all 
transitional forms from megakaryocyte structure to platelet 
structure have been observed. 

The similarities in the structure of platelets and megakaryo- 
cytes are much more evident in dark-ground illumination, in 
which, according to I. Wali.gren, a different kind of granules, 
the pale drops, are observed more easily. Both platelets and 
megakaryocytes have pale granules or drops of different size 
which varies within the same limits in the two elements. They 
share this common feature with the monocytes, whereas all the 
other white blood corpuscles have a different structure which 
may be distinguished readily from that of platelets. These 
similarities are observed without difficulty in fixed and stained 
preparations as well as in native preparations. They seem to 
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give further support to Wright’s theory, although of an indirect 
nature. At the same time these comparisons are arguments 
against the formation of platelets from white blood corpuscles, 
with the exception, however, of the monocytes. 

With regard to the changes shown by platelets and megaka- 
ryocytes in native preparations, the similarities observed in the 
present investigation are striking. The typical rims and blis- 
ters common to platelets and megakaryocytes, have not been 
demonstrated in any other blood and bone-morrow cell. Although 
not quite constant, these changes seem to have been observed 
sufficiently frequently to be used as a strong argument in favour 
of Wright’s theory. 

The same may be said about the accumulation of fibrin 
which has been observed about some megakaryocytes and 
which is typical of platelets. The finding has been recorded only 
for 20 per cent of the megakaryocytes, but the number appears 
to be sufficiently large to justify the ruling out of the possibility 
of chance, particularly' as other blood and bone-marrow ele- 
ments practically never show accumulation of fibrin. The 
question arises whether the accumulation of fibrin may be 
due to platelets which frequently surround the megakaryocytes . 
This does not seem to be the case, however, as the accumula- 
tion of fibrin about the giant cells of the bone-marrow has 
occurred quite independently of platelets and platelet-like 
elements. 

It should be mentioned particularly that the monocytes have 
never shown rims or blisters of a kind typical of platelets. Nor 
has any accumulation of fibrin been observed about monocytes. 
Thus, the monocytes appear to have much less in common with 
platelets than the megakaryocytes . 


Studies in dark-ground illumination of the development of 
the normoblasts in native preparations reveal scarcely any 
fact indicating a genetic relationship between normoblasts 
and platelets. 

The difference in the structure of normoblasts and platelets 
is considerable. In the more advanced normoblast nuclei the 
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structure becomes more indistinct and the difference as com- 
pared to the structure of platelets is thus increased. Just these 
more advanced normoblast nuclei, however, would naturally 
be expected to give rise to platelets. 

The free normoblast nuclei which are not seldom seen in 
native preparations, have a similar structure to the intracellular 
nuclei. Tbe 3 r remain unaffected during long periods of observa- 
tion and show no changes truncal of platelets. 

The nuclei of normoblasts would not be capable of producing 
platelets unless nuclei or fragments of them were extruded from 
the cells. No extrusion of the nucleus has ever been observed in 
studies of the development of normoblasts in native prepara- 
tions. In these examinations the nucleus has in every case 
disappeared through intracellular dissolution. A series of cir- 
cumstances have been described elsewhere (see page 59) which 
in all probability indicate that intracellular dissolution is the nor- 
mal mode of disappearance of the nucleus. It seems, therefore, 
obvious that the nucleus itself is not capable of producing 
platelets. 

The nucleus of the normoblast is framed in by a structure 
which is built up in a maimer characteristic of different cell 
structures. According to I. Walegren it is composed of dark 
and pale drops intimately mixed. Wali.gren considers that 
this structure should be designated as a Golgi apparatus and 
that it coincides with the substantia granulo-filamentosa of the 
reticulocytes. With regard to size, the granules of this Golgi 
apparatus resemble markedly the platelet granules, although 
the experienced observer should always be able to distinguish 
them. Irrespective of structural dissimilarities, it seems, how- 
ever, impossible that this structure would be capable of pro- 
ducing platelets. During the observations of the subsequent 
development of this structure single gi anules were seen, in every 
case, to be extruded, until a mature erythrocyte had been form- 
ed. These observations agree well with the previously known 
series of development of reticulocytes. All transitional forms 
have been observed, from young cells with abundant vital- 
stainable substance to old cells with only sparse remnants of 
substantia granulo-filamentosa. 
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Thus, as platelet formation from the nucleus or the Golgi 
apparatus of the normoblasts seems to be ruled out, a new inter- 
pretation must be given to Schilling's and 0rsrov's observa- 
tions. It has been established without difficulty that through 
Schilling’s method of rapid fixation the platelets tend to 
adhere to the surface of the erythrocytes, which has given the 
impression of different stages of platelet formation from red 
blood corpuscles. It has been very difficult to recapitulate 
0rskov’s experiments and I have not felt justified in drawing 
any definite conclusions. I believe, however, that also with 
regard to 0rskov's pictures the explanation is that platelets 
adhere to red corpuscles. 


Thus, the long-lived question of the origin of platelets appears 
to approach a final solution. The numerous arguments in favour 
of Wright’s theory are, certainly, still of an indirect nature. 
All the previous studies, however, augmented by the results 
of the observations reported in the present communication, 
represent an accumulation of evidence which seems to have only 
one explanation, namely that the megakaryocytes are the 
mother cells of platelets. The actual formation of platelets in 
living bone-marrow cultures remains to be observed. This 
final piece of evidence will probably be presented as soon as 
the satisfactory physiologic conditions for a normal function of 
megakaryocytes in bone-marrow cultures have been produced. 

Platelets are derived, principally, from the cytoplasm of the 
megakaryocytes. I am not able to judge whether the nucleus 
also takes part in the formation. The observations on which 
the present work is based have not been suited to throw any 
light on this detail. 

The present studies of megakaryocytes are based on exami- 
nations in normal bone-marrow. Thus, they give no proofs as to 
the origin of platelets in pathologic cases. In this connection 
cases of excessive demand for platelets are brought to mind. 
The possibility should not be ruled out that other cells than the 
megakaryocytes are capable of producing platelets, vicariously, 
to supply the need. Monocytes (or other monocvtoid cells) 



V. Summary. 


After a brief introductory survey of the earliest results of the 
investigations on platelets, the author gives a review of all the 
essential contributions to the question of the origin of platelets, 
within the frame-work of the available literature. It is esta- 
blished that the majority of present-day investigators favour 
Wright’s theory, according to which platelets originate from 
the megakaryocytes. Only the conception that platelets are 
derived from the nuclei of normoblasts is nowdays mentioned 
as a possible alternative. 

The author’s investigation is based on studies of platelets 
and megakaryocytes and of the development of red blood corp- 
uscles in dark-ground illumination. Microscopic studies of 
native preparations on the heating table play an important 
part. 

A detailed account is given of I. Waixgrex’s new opinion, 
according to which the living cell substance is built up of inti- 
mately mixed dark and pale granules or drops in a structureless 
ground-substance. This conception seems to open up new 
prospects in the matter of judging numerous cytoplasmatic 
and nuclear structures. Most of the observations on which 
Wallgren bases his views have been confirmed in the present 
investigation. 

Platelets appear to be built up according to the principles of 
Wallgren’s double drop system. It is emphasized particularly 
that the pale drops are of different size, by which platelets are 
distinguished from most blood and bone-marrow cells. 

Mo signs of life have been recognized in platelets. It has long 
been known that pseudopod-like rims and protrusions and 
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blisters' with grannies in Brownian motion are formed on the 
platelets. It has been demonstrated that these changes are not 
to be regarded as manifestations of life. In experiments with 
magnesium sulfate, staining with brilliant -cresyl-blue in high 
concentrations and the addition of potassium cj’anide to the 
preparations the changes in the platelets have occurred in the 
usual maimer. In all these cases possibilities for true manifesta- 
tions of life have been absent. 

It has been found that platelets in native preparations 
extrude single granules. As it is impossible to distinguish these 
granules in the blood-plasma from hemokonia, the question of 
the origin of hemokonia is discussed briefly. 

The term pseudoplatelets is defined and the origin of these 
elements is discussed. The importance of not confusing true 
platelets with pseudoplatelets is emphasized in different contexts 
in the present communication. 

The megakaryocytes also appear to be built up of dark and 
pale granules or drops. Similarly to platelets, the megakaryo- 
cytes have pale drops of different size. The size of the pale drops 
varies within the same limits as in platelets. 

In stained preparations examined in transmitted light the 
granules of the megakaryocytes are in many cases seen to accu- 
mulate in platelet-sized areas, whereas the examination of the 
same cell in dark-ground illumination reveals no such pheno- 
menon. This seems to agree well with I. Wallgren’s observa- 
tion that the granulomere of platelets appears noticeably larger 
in dark-ground illumination than in transmitted light, in the 
examination of stained preparations. This seems to indicate 
that there would be present at the periphery' of platelets and 
of the above-mentioned megakaryocyte areas dark granules 
which, as distinct from most dark granules, do not stain. 

With the exception of a few uncertain cases, no manifesta- 
tion of life in the form of movements of granules or changes in 
shape typical of life, has been observed in the megakaryocytes. 
Similarly to platelets, most megakaryocytes (67.5 per cent) deve- 
lop blisters of exactly the same nature as the platelet blisters. 
A small number of megakaryocytes show blisters up to the size 
of leukocytes and filled with Brownian-moving granules. 
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Distinct accumulation of fibrin has been observed about 
20 per cent of the megakaryocytes. 

No constriction of fragments of the cytoplasm of the mega- 
karyocytes has been observed directly. In man}-. cases, however, 
the megakaryocytes are found to be surrounded by cytoplasm- 
like elements. It has not been possible to decide whether these 
elements were pinched off fragments of cytoplasm or agglu- 
tinated platelets. In one case a seemingly badly injured mega- 
karyocyte was by several neutrophile granulocytes stripped of 
all its cytoplasm, which was split off and in parts carried off 
in platelet-like fragments. 

In a comparative study the author points out the remark- 
ably great similarities between platelets and- megakaryocytes, . 
which are noticed on examinations in dark-ground illumination. 
The considerable dissimilarities between platelets and all other 
blood and bone-marrow cells, on the other hand, are also stressed. 
Structurally, the monocytes are an exception in this respect. 

Also the nucleus of the normoblast, according to I. Wall- 
gren, has a structure which is built up of the said double drop 
system. Already the pale drops in the nucleus of the less advan- 
ced normoblast are smaller than the pale drops of platelets. As 
the normoblast develops, the struture of the nucleus becomes 
more indistinct. Finally, the nucleus appears almost optically 
void in dark-ground illumination. Close to the nucleus is seen 
a structure which is built up according to the principles of the 
double drop..-system and which.- apparently- should -be designated 
as a Golgi apparatus. It coincides probably with the substantia 
granulo-filamentosa of the reticulocytes. 

In his studies on the cytology of the red blood corpuscle 
I. Wallgren, on one occasion, was able to witness the intra- 
cellular dissolution of the nucleus in some normoblasts in native 
preparations. In my investigations intracellular dissolution was 
observed in 7 out of a total of 23 normoblasts kept under obser- 
vation, from 3 patients. Many facts indicate that this is the natu- 
ral mode of disappearance of the nucleus. No extrusion of 
normoblast nuclei has ever been observed, nor the formation of 
erythrocytes in normal cases through constriction of the cyto- 
plasm of the normoblasts. 
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Cells with Cabot’s ring bodies have been studied, but in these 
observations no definite evidence for intracellular dissolution 
has been obtained. 

Schilling’s experiments with rapid fixation have been 
recapitulated. The author is not able to agree with Schilling’s 
interpretation of the pictures obtained . This method appears to 
cause adherence of platelets to the red corpuscles. Platelet 
formation from normoblast nuclei must be ruled out, partly as 
no equivalence to the Golgi apparatus can be detected any- 
where. Attempts have also been made to recapitulate 0rskov’s 
experiments with phenylhydrazine-lead-poisoning, but difficul- 
ties in producing satisfactory preparations have rendered it 
difficult to draw an}' definite conclusions. The interpretation 
given to Schilling’s pictures, however, may probably be applied 
also to 0rskov’s preparations. 

A discussion on the observations made concludes the work. 
'I he arguments presented in support of Wright’s theory are 
new and noteworthy although of an indirect nature. Platelet 
formation from megakaryocytes remains, finalh r , to be observed 
directly in bone-marrow cultures. All other theories are dis- 
carded as unacceptable. In this respect special consideration has 
been paid to the fact that the normal intracellular dissolution 
of the normoblast nucleus seems to render it incapable of 
producing platelets. Thus, the megakaryocytes appear to be 
the natural mother cells of platelets. Although the possibility 
should not be ruled out entirely that other cells may, vicariously, 
give rise to platelets in pathologic cases, this mode of forma- 
tion has not been borne out by any conclusive evidence. 
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Fig. 7. The same cell in dark-ground illumination. The areas are not out 
lined. The new bodies are only partly distinguishable. Approximately 1250 X. 



Fig. 8. Megakaryocyte and agglutinated platelets. Incidental contact, per- 
haps conditioned by common agglutinability. May-C.riimvald-t'.ieinsa. 
Approximately 12 a H y. 



%. 9. The 
similarity in 


same cell and clump of platelets in dark-ground illumination. The 
the structure of the megakaryocyte and the platelets is evident. 
- faj -Grunewald-Giemsa. Approximately 1250 x. 




Fig. 10. Native preparation in dark-ground illumination. The entire right side 
of tlie picture is taken up by a portion of a megakaryocyte. The white rings to 
the left are erythrocytes. Between the megakaryocyte and the erythrocytes 
are seen a number of dark spaces. These are blisters formed from the cytoplasm 
of the megakaryocyte. The granules in the blisters are not delineated on account 
: of the long exposure. Approximately 1250 X. 
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Fig. 11. Part of a Schilling preparation. The platelet indicated by the arrow 
adheres to three red corpuscles. Approximately I'.Mtn v . 
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D. 3. Cases with non protein nitrogen >40 mg per cent or 

urea nitrogen >20 mg per cent 
2. Cases with non protein niirogen<40 mg per cent or 

urea nitrogen <20 mg per cent 

E. 1. Cases with a duration >3 years 
2. Cases with a duration <3 years 


Eetinal Changes 

The classification of the retinal changes into groups 0-IV 
according lo Keith. (1933) was made on the same lines as 
for chronic nephritis ( v . the foregoing). Groups 0-11, which 
represent the milder changes, were assembled into one group 
and compared with groups III-IY, which represented the 
other group with severe changes in the fundi. Il should per- 
haps be mentioned that this classification into groups 0-lY 
was made on the basis of the retinal changes only and tints 
had no connexion ’with the classification of hypertension into 
four groups suggested by Keith, Wagener. and Barker 
(1939) and Wagener and Keith (1939). The latter classi- 
fication was based partly on the relinal changes mentioned 
in the foregoing, but regard was also paid to the degree of 
hypertension and the clinical symptoms. This classification 
is evidently more laborious than the simple one used by the 
present writer. The real reason why il could not be used is 
obviously that the material was too small, or rather that the 
cases with relinal changes were far loo few. for suck a 
grouping. 

In Tabic XXXXIY all the data concerning llic results of the 
tests in these two groups are given. The distribution of the 
cases in the two sexes was very unequal since veiy h'v> 
patients showed advanced retinal changes and no calculation 
was therefore possible for either of the sexes separately 
Even in a calculation of both sexes together the numbei 
of cases with severe relinal changes was small. 1 1 was ne\ei 
theless possible lo make a calculation by, rising the same 
method as earlier (v. p. 150). Il is seen that lowei raues 
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Table XXXX1Y. Mean (31) and standard error of the moan 1 (e) of cases 
with essential hypertension, distribnted according to retinal changes. 


Kotinal changes 


Determination 


0 — II 


M ± e(M) 


M e n 


N ,l™' M ± s(M) 


Diodrasl clearance 


Creatinine clearance . . 

Urea clearance 

Effect, renal blood flow 


Proteinuria 

, f svstolic 

Blood pressure j *. 


15 

100.5 + 5.0 

15 

310.9 + 2S.2 

15 

0.343 + 0.025 

4 

112.5 

8 

01.1 

15 

5S8.7 + 53.9 

15 

45.3 + 1.4 

15 

0.113 + 0.008 

15 

187.0 + 7.9 

15 

111.7 + 5.3 

12 

22.0 + (1.7) 


Imilin clearance 

Diodrasl clearance 

Filtration fraction 

Ciealiiiine clearance ... 

Urea clearance 

Effect, renal blood flow 

Ilaunalocril 

Proteinuria 


, f systolic 

Blood pressure; J 

( diastolic. . . . 


Urea nitrogen, mg 


W o tn e n 

ao n-i.c + :t.i 

30 202.5 + 11.0 

30 0.335 + 0.011 

10 95.1 + (S.4) 

28 G4.4 + 3.8 

30 519.4 + 21.4 

30 43.44 + 0.5G 

30 0.0222 + 0.0070 
30 215.1 + 0.3 

30 120. S + 3.1 

31 19.88 4- 0.82 


loth sexes 


Inulin clearance 

Diodrasl clearance 

Filtration fraction 

Creatinine clearance 

Urea clearance 

Effect, renal blood flow .... 

Haunalocrit 

Proteinuria 

,,, , f svstolic . ■ • • 

Blood pressure ' ~ 

\ diastolic 

Urea nitrogen, nig % 


90.3 + 2.7 

299.0 + 1 1.5 
0.337 + 0.011 

100.1 + ( 0 . 0 ) 

03.7 + 3.3 

539.8 + 21.8 
44.00 + 0.57 
0.049 + 0.021 

200.9 + 5.2 
118.1 + 2.7 
20.48 + 0.7a 


70.5 

199.7 
0.303 

114.7 

42.5 
349.3 
42.50 
0.0007 

239.2 

125.3 
22.75 

07.0 + (S.4) 
,190.1 + (25.0) 
0.353 
104.0 
38.8 

339.2 + (40.1) 
41.73,+ (2.54) 
0.450 + (0.244) 
230.8 + (11.3) 
135.0 + (0.5) 
28.21 


v. foot note p. 129 











The quality of the optical equipment has no influence on the 
determination of the mean diameter. But there is a certain 
difference between the mean diameters as determined in the dif- 
ferent parts of the visual field-. Even with the best optics all 
parts of the field of vision are not equally sharp in focus. The 
quality of the optics influences, on the other hand, the determina- 
tion of the standard deviation which is greater with poor op- 
tical equipment. 

The importance of the time of exposure was tested at this stage 
of the investigation, without one being able to find that it played 
any deciding role in the results. It w r as found, during these pre- 
liminary experiments, that it was very difficult to ensure a uni- 
form degree of enlargement when one used an ordinary micro- 
camera. This difficulty was first pointed out by Bock & Jombres. 
Besides, it soon became clear that the expenses in connection with 
usual microphotography would be out of all proportion. For 
this reason the author constructed his own camera which satis- 
fied the demands for accuracy of enlargement, easy, cheap man- 
agement, and which eliminated the possibility for errors in the 
exposure. 


The author’s camera. 

The apparatus which is reproduced in figure 3 was constructed, 
partly based on a description by Coles. The drawing is isometric 
about the axes 30°, 90°, and 150°. 


The tube of the microscope is enclosed in a box. The inside of the 
box is painted black and the top is covered by a plate which can be slid 
back and forth without letting in the light. In the plate is sunk a focus- 
sing screen. The focussing screen, whioh is 8 x 8 cm, is placed in the centre 
of the field of vision. The blood cells will therefore be projected on it. 
When the picture is sharply focussed the top plate is slid over to the other 
side. The film, which runs from the store to the receiving-film-holder, 
comes into the position of the focussing screen and the exposure is made. 
When exposure has been made, the plate is slid back to it’s original posi- 
tion and it is checked that the picture is still in focus. A small opening 
covered with a cardboard plate is placed over the film. Through this 
opening the register number of the blood film is written on the back side 
of the film. After the exposure the film is rolled forward until the number 
appears in a small window covered with red glass. The camera is now 
ready for a new exposure. 
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So far as I can 


find, Aimkasew, 1884, was the first to 
■in. He agreed with Hayem insofar 


as he regarded 1~ ^ tunl , te came nucleated red 

This ^thesis has gained no support in the 

literature. 

a. Cytofilasmatic origin . . 

Although the origin of platelets was already early attributed 
to the nucleus of the eiythroblast, the opinion that platelets are 
detached fragments of mature erythrocytes predominated 
in 1890—1900. This theory was successfully upheld by 
Arnold in a series of publications. He considered that the 
similarity between platelets and detached portions or fragments 
of mature red blood corpuscles indicated strongly an erythro- 
cytic origin. He found further support for his theory in the 
fact that he believed lie was able to recognize hemoglobin in 
platelets. Arnold discarded, on various grounds, the theory 
of a leukocytic origin as well as the conception of platelets as 
products of precipitation. Also he criticized the theory' that 
platelets are derived from the nuclei of normoblasts. Arnold’s 
opinion was supported by Bremer, Wlassow, Determann, 
Feldeausch and Huber. Wlassow’s works were opposed by 
Scherer who found no reason to believe that platelets originate 
from red blood corpuscles. Helm and Watson, much later, 
advanced the opinion that platelets are derived from non- 
• nucleated erythrocytes in the process of disintegration. 

It should be mentioned in this connection that Mosso, 
Petrone, Albrecht, Werzberg, Hedinger and Brockbank 
believed in an erythrocytic origin, so far as I can find, without 
stating m which part of the erythrocyte the platelet would 
arise In his investigations on the blood of the chick Sugiyama 

Splm™ f ° Pm ° n that pktelets ori g inate from megaloblasts. 
platelet I t0 Toca *™S) attributed the origin of 

elets and red w j d d ^ 1 every connection between plat- 

b - -•*«««• ‘i »• 
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would* then be the most obvious cells, on account of their struc- 
tural similarities to platelets. These hypotheses, however, are to 
be regarded as pure speculations. 

The conception of the normoblast nucleus as the origin of 
platelets, which has competed obstinate^ with Wright’s 
theory, may be discarded. Schilling's demand for an explana- 
tion of the fate of the normoblast nucleus appears to be fulfilled, 
as all the facts indicate that the nucleus dissolves intracellularly. 
All the rest of the previously popular theories on the origin of 
platelets have appeared extreme^ improbable or altogether 
repudiable. , 

At the present stage of research there remains within the 
bounds of possibility only one explanation of .the natural origin 
of platelets. In all probabilhy, if not with certainty, they origi- 
nate from the megakaryocytes. 
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